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The object of thia thecla la to nahe a iNrellffilnary Inveatlgation of a 
oev type vave aoalyaer. Tbm propoaad wanre analyaer would eaploy a variable 
apeed xtagnetlc t^>e to effect a leultiplleetlon In frequency. The reaultant 
aaalyala vo\ild be aade vlth a cma tent •'percentage reaolution. 

A beeic analyzer theory hea been foxnulated. Specific theoretical re- 
•ulta Ineludet (l) detemLnatloo of two aultlpller apeed-tiae relatlooahlpa, 
a BtlnlBun-eaalyaia-tliaa aolutlon, and an e^ual-analyait-aaeple aolutlon, 

(2) detenalnatlon of the re<iulrad leegrth of aaasple tape vhioh la found to 
be a function of the deelred perc^tage reaolution, end (3) eveluatlcn of 
tha reaponae of a alnplc aelectlve netvext: to a frequency excitation which 
varies very nearly linearly with tlma while within the paae-band. I>ynf8tic 
aqplitvda and frequency distortlcm viXl occur aa a reaxilt of the variable 
frequency excitation* It ia ahevn that thaae analyzer errors can be pre- 
dicted by use of a single pameeter. 

An expexlnental Inveatigation <XT the analyzer principles wna attaBQ>t«d 
using ncgaetic tape vound around a disc. The speed of the disc vas coti- 
troUad by a Vard-I<eoaard systsc. Other experinents were sade with 'Uiie 
speed of the disc slowing down due to its am dacq>ing. Ei^rlaietitsl results 
were llzaited hyt (1) variation in the dlstez^e between the reproduce head 
end the aagaetio tsqpe due to the eccentricity of the disc, and (S) inability 
to control accurately the speed of the disc. 

Within the pass-bead the deviatlsn froa a linear sweep for both nultl- 
plier fuaeticna is less than I/q. It Is coaeluded that Ilnear-frequeney- 
sve^ theory is applicable to the proposed analyzer. FicrthenBore, it is 
concluded that equal seeaple analysis is a desirable feattzre in order to 
avoid a possible tiae-dlstributlaa atablgulty in aNMsuresnents. However, the 
required aultiplioation functiem ixifavored^ affects total analysis tins 
requirenents sad wutlyzer complexity. 
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Title: Assistant Professor of 
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iwmcatxmaii 

Tb.% obJectlv» of tills thesis Is the lorestlestion of s new type ?»f 

« 

•lectroalQ wre snslyxcr. The pr op atfl a&slyrer would taqiloy a varlohu.* 
speed Msssetlc asdiiM to effect a isultiF^lee^on in frc<ivwncy. This 
oultlpllcatlon in freqtuency would l^e a«d.oy«d In a sumner anals^ us to 
the addition cf frequencies in the cxurvcntlosol vnvc analyser. As In 
such analOTsers cces»onents of various frequencies are taecsured hy sweep > 
Ing a derlred cosqxsnent across a fined selective network. 13ae edvaata^i 

of frequency aBJltlpllceEticn cnrer freqiMcy::y addition is that the resultant 

«* 

analysis aey he eade with a constant '<percc;ita^ resolution rather than 
with a percentage resolution which verl<»s hctwe«a wide Halts. 

The device Is Intended to assist in the processing and analysis 
of data available la the fora of oagnetlcally recorded signals. ^Bie 
data vlH have haen x'eccrdad at sene constant speed. An automatic 
analysis will he effected hy continuously varying the reproduce speed 
of the nagnatlc nedlua, HialKisi analysle tlao is desired, Beccej^ the 
reproduce speed would he varied at the highest rate ccosistent with the 
llaitatlcms iugjoeed hy; (l) the response of the fixed eeieotive network 
uo an Input of varying frequency, and (2) the si>«ciflcatlcn of certain 

* 

This analyzer was proposed to the authors hy Doctor J. w. 3orton, Chief 
Research Ccscailtsat, U.S. Bevy liaderwater Sound Laboratory, Fort 
TruahuH, Hew l^oadUsa, CoaJiecticub. 

,|H|. 

2^ resdution Is aeant the ability to distinguish hetveen two closely 
cayacent freqaawy cceipesaeats. Percentagie resoltrtion Is defined as 
resolution (ateasored In cycles per second) expressed as a pet'centage 
cf aeld-hsod frequency of the selective aarfcwoTk. 
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desired ct'jalyser characteristics irtilcli vlll he proposed in C^iaptcr II -A. 
Aittciaatic operation coypled vlth ntinlfttn analysis tine would do much to 
ollerviate the lahorious and tii&e-coas'«ailnQ analysis which is nov noceessoy 
•MtOQ cocscercioUy availehle vssre enelytzers. 

Ideally^ the analyzer sho\;sld be able to consider and process signals 
lying within the frequency spectrm frooi 1 cycle to 100 kilocycles. Prac- 
tically^ certain characteristics of pi'esent-day recording technlquea will 
Unit the analysis spectrun-land. It is anticipated that at least two 
frequency-bcaads will be required to complete the analysis. 

With the ever-lncree.3lng desire to investigate phenonena from a 
spectrm analysis consideration there is a decided need for eqxiljaaent 
which VDxxld facilitate such isoasuresuents . In adddticn, there la a areal 
need in the field of xmdervater soiaod for a constant percentage reeolvttion 
analyzer which would Incoxporate eutoaatlc operation end rapidity of 
raeasurestent. It is believed tl 2 at siMlar needs exist in other fields. 

In a sense the proposed analyzer will be cccjposed cf cojqxwients 
idtlch have been investigated at scaae length and which are in coEfBon use 
today. ISxese cenponents will be arreagsd^ and will be caused to function 
in a xsanner to acccs^ish a specific desired result: spectrm enalysis. 

Ibis thesis will esophasize the inter -relationship between these coo^ponaats 
in order to aocorsplish this purpose, aa:d. will investigate the llaltatlans 
which various coc^nents put on the problest and the system es a whole. 

It is not our intention to build a prototype wave eaalyzer. The thesis 
will etten©t to answer as far as possible the question cf the feasibility 
of the proposed analyzer. 

Vtw Basic Analyser 

The proposed eaalyzer could be divided into four fvajctional sub- 
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divl 0 icn»: (l) a fre^tiwicy Btultipliex, (l?) a flx*d selective network, 

(3) an iiadlcator, and (4^) a control and pzocrcsaraliig Bactloeei. A poetu- 
late<l. arranecMcnt la presented In Figure X.l. 

'iSie aienol tc be aaslyted la recorded at Bone constant speed cn 
either na^netic or c«i the outer edge of a nasnetlo dlac . Thia cloeed 
loop of predetermined length la conatrained hy the frequency ntultlpller 
to follow en eppropriate speed <*tl3ne relationship, F(t).* Bveh a aultl" 
plication might he echloved hy: (1) coatinucualy varying tha speed of a 

■BipRetic (Use, (2) wrapping aagnctlc tape around the periphery of a non» 
iMKgnetlc disc which paxceeds at a variable apeed, and (3) transporting 
a oonatant speed ns^paetlc sMdim over a reprod\x:e heed array which rotates 
In accordance with l^t). 

FcUotfing the multiplier a reproduce eyatm converts the recorded 
signals to an electrical excitation i^ch creeps ecrcaa a fixed selective 
network. Selectivity la provided hy a aingl^^hli^ - Q, band»paaa filter 
per frequeacy-band, )fext the signals proceed to the Indicator, peas 
throt^ appafopriate avaraglag circuits, and finally ere presented la the 
fom of a permanent visual record. If siwiltanecua aaalyals of the entire 
apectrua la desired, <me graphic-recorder channel per frequency-hand ia 
required. 

)lote that the speed -tiice relati(»cship, da a fundaRsmtal link 

between three main analyser aections. An appropriate tie-in sniat exist 
hatveen multiplier and the indicator. Thtsve ia a poaaiblllty that the 
averaging circuits might also be a fuaetioa of H(t). It appears that the 
ecntrol and prograMalng section will require use of serroaechanlsmB com- 
bined with suitable electrcsiic ecaitrol circuits. 

* 

Appendix A provides a table of sycibals and deflnltlona. 
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FIGURE 1.1 



BASIC ANALYZER BLOCK DIAGRAM 




CONTROL AND 
PROGRAiaJING SECTION 



path followed by analyzed signal 



the multiplier speed time relationship, N(t) 
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W«.v« /jut]lys*r8 In Gmnrfti 

A thoToo^ surrey tif Available tec<^ialcal litexature Indicates tA«v %hm 
propoeel vave analyser would have scrcral t«ique charaoterietlce . Tt» 
basic ncA'altyexlets la the frequency iiailtlpller. The varleble speed m,i- 
netlc osdltn effects a constant -perceatage resolution artalyals. 

Ber«««k* presents a coB^rebcaslYe study of the nany differaat types of 
•j^arattw utlULsad to aaelyae a cceiapIftK noiee into a spectral distribution. 
Jaetrsa sad HeCoueh^ here disctiB£MKl t2ie design requlreaenta for a imvo 
analyser oapeble of Measuring noise spectra in the Yldeo-frsqusnoy rengc. 
Their paper Includes a dlBcussiosi caa tbs reepenae of a rasenent systscs to 
a noin*^rlodi6 fuactloa. Another xwper \dilch ecocentrates on the desig?i 
features of a speetrun analyser was puhllslted recently by Soanes . Bo 
dlBcuases the tnereased number of prohltt&s auscciated with low frequency 
analysis vhers the tlae cf one cycle beccaes coB^parable with the total 
tins sYailabXs for the analysis. 

Actually the plan to design a vavs cnsly'ser waordoylng a frequency 
aultiplylag device with a fixed selective system is not a new cue. In 
192 ^ Sacia^ proposed a non-autosatle sKWniyser which was very accurate, 
but which required a gzaat deal of analysis tiioe. The sound wnvee vbt9 
recorded 00 a strip of fila, Joined Into 9gi andleaa bend, and then piohed 
off with the aid of a pfioto-cedl. Following the photo-cell was on osqili- 
fler coatatnlag a tuned electrics! circuit. The speed of the ftla was 
varied so that the different partial tcasB of the scueid wave were re- 
corded singly, and an analysis was obtained. Sladlsrly Barber sad Uiaali*/® 
hare designed a wave aaalyaer used fear ewsminlng spectre of ocean wsycs . 

* SxCwcrlpt ttuaerals refer to slsiilarly mwibored entries la liie aiblioii?Sjphy . 



record in the fera cef a. variable trsne on * vhite beekenr<»* 
i« VTi^»F«<l «ro’.«d the i<«rlph«ry of a irhoel. The whe«l is Mbde to rerol'fA, 
and an electrical outpvrt la obtained fvaa. an optical device %dilch vlevs 
the record throu^ a narrov allt cloae to the wheel. Cila output^ a con- 
tla\ial repetition of the recorded trace ^ la Bwde to drive a aharply ree'^^- 
aat vibration ijalvwwoetcr, succoealve reaonancea are recorded by a 
pen OR noviag paper. It la noted that its aualysla tliea la about five 
mlnutea per octave^ thla ia oci'.aldered eiweeaive for our wave analyzer. 

^larently the technique of desigalns e workable autOKatlc wave 
analyzer ha« Jtsat lecently been establlahed.* Aa recently aa 1^9 Barber® 
■ug^ated a alow tseolumlcal drive coed^lned with continuoin recording of 
aMdyzer wRersy output in order to expedite the epectrvsa analyala. Bia 
paper ineXedaa a detailed st\>ly on the optimi perfornan.ee of auch an 
analyzer. 

Vave Analyzers arploylag Itegnctle Media 

Magnetic recerdiag proccaaes are rapidly being applied is the in- 
struRest&ticai field. Ueea Include pulee ays team, and carrier ayat«ea. 
Furtheraore^ ccuveaticnal aagnetic recorder® «t®loylBg hi^-frequeney 
biaa are being \wed for recording a baad-width within the range of 100 
cyclec to 100 kilocyalea.*^ 

Certain reseexch aad Industrial applications of xaa^nstlc tape have 
been prevlowaly raatricted by llaltstlORa of the nediuR Itaelf Re- 
cently tape aeaufacturer* have oad« aacrasoue presrees ia the quality of 
their prodacta which are dealgaed for raeasreh iQjpllcatiose,*® Ibese 
advance® have been atiaulated largely by tlie exacting desianda of the 

* 

By autaei&tic ve seen that the analyser ia self acting^ azsl that a eon- 
tinucv®, pexannent recerd of its output la sMde avallchle. 
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of ti^ coaputer fl«lA for ir^jxnrod iaa«pie*lo t«pc amory dr/lc««. 

Vhy magaetic reucniixig tad r«;iro&xticm techxilquefi In v«.v« 
nnalyaere? TSse «mswr to thl# <juo»tlca i« contalzied within tiro cheur«ct«r- 
Istic tdwitmgfa of naeavtlc madia. First, there are those ffcoeral 
ftnotio&s characteristic of as^netic reccrdias: (l) recordlsg aad otcx’aen 

of sigMds for reproduotloa at will, and (s) ia^rovsd si0aal«-to-aoise I'stio 

An cxcossire length of analysis t^ae is ra^lsred using ccuTeatloasl 
astbols. It vcvld be desirable to accelerate the rate of scaEROing. Ibis 
can be scco]Q[pIlsh^ by use of isa^nctlc nedla. Its second chamoterlstic 
advantage is contained la the foHoiring discussion. A aagnetic pattern 
is impressed in a nodlua traveling at a given velocity. If it is toan 
passed over a pick::^ device at the se 2 »a velocity, a characteristic wave 
length viXl be observed which is equel to the wave length crlgisally 
recorded on the taps. Itect, if the mcdim velocity is doidjled over the 
recording velocity, the repre^uce head ases two wave lengths in the 
ssas length of tlae it originally saw only ssnis. As a result, the fre> 
quesKy obtained during play«baok is twice that which was orlgitially re> 
corded. This characteristic can be espresaed in a giKaeral fora as 




where 

@ « the instantaneous reproduce speed. 

• the orlfilaal recording speed. 

f • the recorded frequency c«sponent. 

* 

f. » the frequency obeervsd at the reproduce head 

when the mgnetic tasdiiaa is traveling at speed S. 

If • the InstantaaeouB reproduce speed or reproduce 
frequency ratio 
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Tills multlpllcatlca feature allows ton criginal frequency epectnm to 
be conveii^ed to an equivalent spectn» in » higgler frequency ran^e. A 
wider ’bend-vldth saalyzin^ filter 3resulta with Its subsequent lower 
build -V?) tlise.** The effective band -width of the analyzer filter, vh«i 
referred to the orlglaal frequency cpectnw, is the actual filter band- 
width divided by the reproduce speed ratio, H. 

For any fixed reproduce speed, S, the rate of ecanning Is Increased, 
end total anal^nslt tisie Is decreased. This cesses frots the requlrcsient 
that for linear sweep excitation the ratio of sweeping is directly pro- 
portional to the square of the bandwidth.^® 

There oare several autoosatic wscro analysers which esiploy a Bsasnctlc 
BHtdlua to effect a multlpllcatloa of frequency spectra. Two such coo- 
merclal analyzers are Bell Telephone Lahoratorles * Soitnd Spectrograph, 
and Kay Slectrlc Coo^^an^ Vibralyser.*^ These devices only jaaJse limited 
use of this lBQ) 0 rtant multiplication fcatuzN 2 . In each cose the laediua 
reproduce speed is Maintained at some ccnetoirt valxie, which is usually 
only 3 to 5 tiinoe the record speed. Instead of nshins S a function of 
time, as is the case for the proposed analyser, the analysis is obtained 
by use of a hetwrodyne process. BTo lEnoun analyzer achioveo frequ«scy 
selectivity by xjso of a ctxatiniiouBly vsarylag reproduce speed. In this 
respect the proposed analyzer is unique. 

The Sowd Spectiocraph, also known cowBercloUy as the Scon-Graph, 

Is a wave analyzer which prod'uces a pei^xzaeat visual record sheswing the 
distribution of energy In both frequency and time. Audio sounds up 
to QOOO cps can be studied. A typical recorded seisple length is fraa 
2 to 3 seconds duration. Tbn signal to be analyzed is recorded on a 
loop of magnetic tape which Is j&o\nted on a rotating disc. Analysis 
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resxiLU *to mr)t»d on electrically loeiper. Thl» record is aomtod 

OR e cylliklrlsal dnau, atilch ie oeclieAiv'&lly cot^ed to the tape loop. 

The Vlbrelyaer fttraleJiCfl e frequency ajaelyeie of loir-frequency 
counds in the renco fron 5 tc Vhoo cps. eigpaiil to be analyzed la 
recorded ca the outar ed^e of a nagnetlc diac. Thia clcaed-loo algaal la 
scanned vlth each revolution of a reccrdlns drua. Ttie output la graphically 
preeented oo a sheet of facsliolle-type paper for a poroenent vlamtl recurd. 
Information is preeented regarding tine, frequency > and aetplltude of the 
recorded elenal. 

Yarlftble Freeucofly gxelta.tl<ffl of Selective Betvorks 

Preliminary inveatlgatloa ladle atoe that ve viU be concerned vith 
the reBpottse of liaeex selective netvor&a to driving fiactions iu "idiich 
the frequanclee vary other than llncerly with time. TSiere is very little 
Information available cn stx:h driving fuectlcsis. ISie raiponee of a LCH 
circuit to a Icgaritholc frequeocy-oveep driving fxaiction has been Investi- 
gated by Penfleld.^"^ This theozatloal develcpaanrt resulted freso a length;/, 
graphical evaluation of a ccavolution integral equation, unfortunately, 
this study ooly provides informtlon for a specific case ctzt cf the yet- 
uaesplored fasilly of response ciorves vhlch exist for a logarithi&lc- 
frequency-sweep excitation. 

On the other hand, there Is a great deal of Infcnisiation available 
on the response of selective netvorks to linear-frequency -sweep excltatioa. 

A review of tlse technical llteratvire will be provided below. Briefly 
these studies esn be sissiarized as follows * The response of a selective 
network vill bo nearly identical to its steady-state recpcaee provided 
the sweep rate Is very low. As the rate of sweeping is increased, circuit 
transients mhe the reeponse ojqsreclaldy differwat from that obtained 




dlrtortlm. A fr«Q\Mr.cy>41splacee)ent distortion vULl Also be Associated 
vlth the wAXlstm response. At the sme tins the effective bcnd-vldth is 
Increased over its condnel vnlitt. %is deoreeses the effective valee of 
Q. TvarVaexnore , a ringing phenotaeaa folXovlng tlie resonant response pees 
con result. ?hle can be characterised ss the beat-tone between the dm^sted 
QSClUaticQ od* the s«dectlve elrc\xlt end the cveep fre^itency si^ud. 

The presence of these secondary uaxlsM. can coeq;>letely mask the dctectlcn 
of vesk ccsQ‘<onents In the vicinity of a strone cosiponent. 

Kacy authors have studied the reeponse cf irescxinat oysteMi to ex- 
citation of a frequency varyli^ llnwwrly vlth tine. Clavier® sought the 
■atbemtlcal condition for which the dynwBlc response la nearly the esnc 
as the static response. Bis solution indicates the need for very slow 
exploration speeds. Lcnris^^ investigated the case cf o aechaaical sh..ft 
of linearly vsrylag speed of rotatlcn. Els graphical solution Involves 
fresnel Integrals of ccsiplex ergu3ient which are not known to be ta2>ulatod 
to any extent ev«i today, llok^® attidled the xnsponse of a narrow-bond 
resonant systea. Hsailton'iP solution to the problea Involves the fourlcr 
analysis of the input sM outptit spectra. Berber end Ursell^ have pre- 
sented a solution fez* the response of an oscillatory systen to a tone 
whose frequency slcvly inoreeses or decreases. It is shown that the 
fom of the response is vezy cooplicated, but that the varlati^ of aia- 
plitude near resonanco depends usxxi a single para»eter involvlne the 
constants of the apparatus. )teriqx»^* iaves'blgatod a sesrtoeth varyins 
frequency excitation. Ke shows that the resp<mse is cengpoeed of two 
ieraa: <xse arlsixsg during each sveep^ the other resvilting fresn the pre- 

ceeding sveop, Sewmes^®/®^ c<»5>letes the sencral problem by dlseussind 
the effects of starting the sweep In or near the pass*^etnd. In additicaz. 
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h* prorldes an excallant reriaw ofisuiy different authoi*s' approach** to 
th« general problea of XliMar sweep excitation. In 1935 ^ Heyer^* pro- 
vided on aarXitr corx'claticn of similar st^tlles. £kst«ln end Schlffoan* 
recently lurestlgatcd the response of a llaeair network to an Input with 
linearly rarisble frequency as obtained In sweep freqjkcncy testing. 

S cope of the Thesis 

Time and eccnomic considerationa necessitate rather narrow limita- 
tions in the scope of the theels. Obriotxily we cannot hope to design 
aad Ccnstruct a coeplete wave analyser. Furthenacre^ there is consider- 
able zaaterial available in the literature on mognstlc reproduce systems^ 
selective netwox^, aversging circuits^ indicators^ servooechanlsns^ and 
ecotrol circuits. lAxis inforaatlcn will be readily available to the 
future designer, fience^ the thesis will concentrate (Xi the unique features 
of the analyser: the fx*equi«icy multiplier and its associated speed-tine 

relationship. These features raise certain queetlcns xdilch axe not 
specific&lly answered in the literature: 

(1) Vhet multiplier speed- tine ralaticmsMps are available which 
result in tolerable limits of distortion^ minimum analysis tlae^ and 
desired anal^'zer charecteristicsT 

(2) Vfhat is the proper relationship betwecm desired percentage 
resolution and dnimura analysis tine per frequency band? 

(3) What lijaltations do raognetic reccrdtag cbaraoteristics is5>ose 
igico the overall analyser? 

(h) Ecw aeay analysis frequency-baade should be need? 

(5) What l«:gth of esntplc is aeceesary for piroper analysist 

( 6 ) rthat is the Ijafiuence of S(t) upon the avcragiiic, indicating. 



and pro3rawBLli?3 seotlcns? 
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®ii« chejpter Introduces a besic theory applicable to the proposed 
smslyzor. The analysis lo folded by specific questions raised In Chapter 
I. 

Tw> fioidesaentol requlreients for any autemtie vave analyzer are; 

(l) to provide the greateet posclble resolutiem cf freq;»acy ccE^wnents, 
and (2) to eosplete the analysis In the sdnimsM possible time. Hote that 
these are tvo conflicting aims. The caeller the pass -band of the selective 
network^ the greater the resolution. -Ilowever, acexarate output aeasure- 
aents are obtainable only if each cos^cacat remains within this smaller 
I>ass~beBsd for a longer period of time, Thirthoxmore, it is possible (as 
is the case for this particular cnalyzer) that certain additional reqidrc> 
Bents, otter than the characteristics cf the selective aetworfc, will in« 
fluence the determination of S(t). 

The Basic Selective Systesj 

The l^lc frequimey selective systea ccaaslsts of a freqaeiicy multi- 
plier, sad a fixed selective network. Assune that the system input can 

be represented by a series ct n discrete slnuaeldal coe^iononts, each of 
♦ 

frequency f . !2he output of the multiplier is then a series of fre- 
quescy rsod\ilat©d coEponwats, jRUltiplier functicn can be ex- 

pressed in terras of the Instanteaeous aasnetic-tapo rcprodxicc speed, S(t), 
and the fixed recording speed, 

^t) » 

r 

* 

Where sutbscrlpt n tci:es on valvses 0, 1, 2, ... 



( 1 ) 
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It it Appix^prlftt* to oaNBint tbt phyticti operfttloo« lxrrolv«d In tUlt 






<2) 



•yvtei. A t«ric« of discrete co»s>cxve-nts> f , hanre been recerdtd on EMgo 
nrtic at a cc^tsot recording tpeed^ 6^. Tbete tro ohovn in 7ieurs t.l. 
It it logical to assTase that the aniltipller tpeed-tiaie relationship viU 
be In the fom of a ccntinnciaty decaying fraction. Figure 2,2 It a shet«h 
of tutA aa aasuBad *(t). Itch recorded coq^oaent, it aultlpdied by 

BXi 

lf(t). fieace, the catput ef the awltipHer it a family of decaying coe- 
jKMaatt, tlanllar to those r«fpr®e«nted in Figure 2.3. These com- 

ponents tipeep asrott the narrov-ba»i aelectiTc cet^R^rk vi]lch ideally rejactn 
all co«;ponentt lying outside the shaded atva of Figure 2.3 

The phenoRietm of frequency sweep isuat be ccaaidsred from two differ- 
ent pcifita ef view, Flrrt, for any fixed laijut frequency (e.g. its 

derived conpaaeat tveept acres t the pass -band in a decayins fashion. For 
esaMplti when 

■t *" ti, m f^ 



and, when 

t - t«, f ^ 

idK»re f . and f, are the upper sM lower wt-eff frequ*3K:ice for the selcc- 

\a At 

tlv* network, C3a the other hand, derived ccag^caeats cf lower -frequency 
recorded (e.g. f^) are swept across the selective network hntw9 

those derived ccjfl^wnaats which are aaeoclated with higher-frequency re- 
corded sigcals. (e.g, 

The «sponi» of selective netvortet tc liiwer-frequeiKiy-trMeep! essita- 
ticn has been thorov^^iXy investigated. (Sce discussion in Ches»ter I) . 
Ew»inatiosx of our basic systen falls to indicate that K(t) will necessarij^ 
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N(t) 
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ricur«s 2.1 - 2.3 
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be a limur relatlcmahlp. Nevertlielcas, this wwve cnalyzcr typiecOly cob- 
talns a narrov pasc«band lu crdcr to obtain naxlxun freq\Mtncy resolution. 

Ast a result, IT(t) ndj^t properly be afpproxlaatod eo a linear siieep vlthln 
thla wurrov frequency»band. Available linenr-frequeocy-eweep research 
could then be «q>plied as on aid in properly evaluating N(t). 

The Multiplier Speed-Tine Relaticnshlp 

In Appendix B three theoretical aniltlpller speed-tlM rclatlocahlpe 
are derived by a qualitative approach. 

Flarst, the xilniixtn>>analysl6*tlBe oolutlcm die deterslned. It can be 
ejcpreased in the fora 

S(t) « S^e*^^ (11b) 

where « the valvie of S at t equalo 0. 

c • 

Af « the vldth of the resonant response cvorra at the 
exit -off frequencies 

f^ xs tlie upper cut-off frequency of the selective network, 

K « a pure nuaseric (cycles) 

For this solution each derived ooBqxjnent, renains within the pass-bet^ 
the talnlSBM tl»e for acceptable enalysls. This condition is besed on the 
rsqulrenttut that the output of the selective systara xv»ain 0 within certain 
tolerable Units of aBqxLIttids end frequency distortion. 

Secondly, the equal-sa^ple-analysis solution is deterained. It can be 
expressed In the fom 

Each analysed coe^onesit resmins under scrutiny for the entire length of 
saB?plo, The enerijy reported at each frequency Is associated with the swee 
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SKRQple «A thn tsM2igl«M r«port«d far All other fz^uMiciee. IMe 
prsctlcAl f«At\Jcs« 1« Y«xy Adr«nt«0ecma Alisce a possible eaiblsuity In sMMis'jire- 
laeats is «vol4eA. Appnnlix C d«Y«lop 0 thsse nalsslrsble aeosureaent errors 
vbich oeeur In comrtnticnnl vsvn analyzers. 

ISiirdly, a linear speed-tlae rela-tion^lp la dev«lop«il| and can be en- 
pressed as 



Sq\3K.tlon l?a has United tbeoaraticel «a«. The aol'ution only aenres to 
correlate the prerlotu noR«llnear reXatlosnhlpe and the conventional llnear~ 
fr<Hiua»oy«aveep cnoltatlon.. 

A fuodjM^tal and useful charaeterlatlc exists for both the ainhsua* 

analysis •'tin* soluticai sad the eK]:aal-iMsple'>aD«l^ soluttoa. The aaxln^ 

deviation fro« linear!^ vlthln the pasa-beaid of the selective netvosic is 
1 * 

less than ~ vbert 



For all practical purposes the sveep rate is linear since the proposed 
analyser vtll contain a selective networit. 

Figure fi.5 dweribs* the faadly of decsQriitS ccoponeats, sweep- 

ing serose the fixed pass -band. Ihe alnlaaaaHsnalysis-tlne solution exhibits 
equal Streep rates at f^ for all velvses cdT f^(t) . Hence, it one rate is 
critical, all rates are equelly critical. On the other hand, the equal- 
saaple-aaalysis aolvtticai can have only css critical eweep rate at f^t this 
occurs for the derived ccagpcaent asaociated with the lowwt recorded 

frecuency eceqxxwnt, All other sweep rates within the pass-bend will 

cvcrsatlefy the characteristic tine roqulrenonts of the selective network. 





f, . th. of th. .oleotlr. art«rcf!=. 



* 



See SqrietiaBS l^t- and 23 in Axpetklix B 
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The Bespoiise of th« Fl-xcd S«tlectlv» Mytvork to a Vtoylng Frequency Excltjttlon 
Two beiilc Bultiplier releticcghipe ere presented In Equations 11b and 



21b. Both exprssslcns are non -linear functions. Yet, within the pees -band 
of the selective netvorlt. the excitation function 



follows very nearly a lineer sweep rate. 

Hie three nultlplier relationshipe con be e^qwnded in a Kaclaurln'e 
Series in angular displacwent, B, of the for» 



The first tlareo teme for two basic Bxiltipller relaticMishlpe ere identically 
equal to the linear speed -tiae expansion resulting fron Equation 15a. Within 
the pass-band the and all subseqiient terse are cceisidered negligible. 

In App«idix B the excitation of a simple USR circuit is investigated. 

The respcmse to a' nearly linear swap excitation function is evelviated by 
the real ccnvoluticsi integral 



This integral is broken down analytically using the method of Barber and 
Ulrsell.® The derivation is included In the thesis since; (1) the solu- 
tion prervides a better understandlns of the basic paiaiaeters Involved, 

(2) the derivation conveys a physical pietinre of the response and (3) this 
approach provides a logical starting point for future studies concerned 
with the effects of Ignoring the and any subsequent terns in the ©x- 
peAsic» of B. Berber end Ursell stxzlied a mechanical analogy to our 



e(t) ■ E cos © « B cos (^) » E ccs (2a 



8 ■ Sq + aj.t «► a*t* + Oat^ ♦ 




(25) 



where 



r(t) « the respc«se of the systcaa. 

e(t) ■ the excitation function of the system. 

h(t) ■ the \mit Irgmlse response of the linear systoa. 
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»y»t3mf vtlck ic » vorl«3»l« -speed o^rtlcel eaudyior ea^oylne a reacnant 

vUsratl^m gRlr«nc«artcr. ^entfore, it is aot aurpriaiivs that the event 

aolUulona corttajsed la Sqmtlona 34 atad X6 ere cf the aane fox* at the 

resHlte c)»taiaed ty Earlier and Uracil, ^llbeae authors have plotted cnrelopee 

of this treaslent resonac<ro.*>* Their resvlts^ with appropriate changae in 

notatlcn^ are preaented in Figure 2.4, Clailar resiilta would he obtaiaed 

bj use cf any linear^ second-order systttt. Universal resonance curves are 

aale srall^ble which can be aq^led. to a very good approxtaatloa. These 

are useful since sany convex selective netwox^s can be ^roxlmated by 

a linear seccad-order systCB. For exaafple^ Soanes^* deacribes a parelIel-7 

nstvor^ which I 0 amctly equivalent to a series ICB circuit. 

Ctzrvtt a of Figure 2.4 is the eharsataristic stoady-state z^poosa 

with the peak arbitrarily set at zero decibels. For evaves b thro\%h g 

the sr^ltudes of tiie x>Sifc input sigasl would be voidercstiiDated by the 

indicated power error. A siaQd.e reXatiozmhlp exists between tills dyosRle 

« 

di^resslorv error and the paraaeter K, Also note that the peak trena- 
aisaion always occurs after the Instant when the excitaticai frequency 
cg>nl f^. TSiis fre^iismcy dieplacesant distortion is also relatad to the 
parsoster K> Study of Figure 2.4 indloates that the effective bond- 

j|||- j| 

vidth^ is greater than the aoednal band-width, df . Furthcriaare, 

sec<sadar 7 peaks are observed which ecadd aask the detection of weak 
It^ut eonpoaents. 

Hots that Figure 2.4 does not take into account two l^>ort«nt aspects 
cf the general probleat which shovld be eceesidered for the proposed enalyser. 

» 

See Figure 3*3 

♦ , , 

See Figure 3*4 based cn several soirroes Including Figure 2.4 

* 

See Figure 3*5 
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The first occtars vh«n Inltlcl condltlcms ere not soro, *«d 

each dlsc^tee the eMltlccel trcKeleot tens vhlch exists in 
the respctuis. 7b» seoond aspect Is the datcTninatloQ of the effect of 
starting the sveep in or near the peas -hand. Coanea^* presenta a aclu- 
tlcai to this prbhiea hy on extenalon of the vostc of Befber end UrscU. 
Instead of Imilding yp to the BaxlaKn xvspc&ae in a ssiooth feshlon as 
indicated in Pigure 2.^^ "oscillation#*' occvr near the beginning of the 
svscp. 

la concluelcm^ six different dlstortlccu! can exist: 

(1) dBQilitnde depreasiOB, (2) frequency dlsplacasmit^ (3) decreased 
salectiYity^ Q, (k) t^costS/tay peak making (ringing), (3) lz)dtiel>K:ondi- 
tions trmslants aiad (6) vsnanrva leadlsg edges reeultiJig frcai startins 
the sveep in or near the pans-bezKl. 

Magactio Recording Characteristics 

Modem ti^ is svd'ficiently coostmt in sensitivity to sUov mpli' 
tudo recording to a fev percent,*^ It hoe been shown that there exist 
workable annlyEers which eigloy a negnetic zasdiun. Hejoee, Magnetic 
properties and perfcataence charaoteristlcs of s^ordlng tepes do ix>t In 
thaaa elves dstemixie the feasibility cf tha proposed analysar. Vet, at 
laast three of these characteristics seost be recognised as laa^or factors 
In the overall design. 

First, there Is a distinct advantage In continuous operation at a 
reproduce speed w)iich is always greater than the constant record speal. 
Use of iBultiplication rather then division results in increased output 
aagnltudee and isereesed signal >to-x^olee ratios. Bewever, in order to 
keep the nunher of selective networks and ernphic recorder channels to 
a xinimua It my be necessary to partially speed«^p az^ partially slcwo 



dovxi (c« ccHBp*r«d to tb* fixed recorded speed) the reproduce tape for a 
vide fre^uKicy-bend aaalyele. Secondly, a definite llnltatlon occurs 
because of Ij^perfeot eta^etic contact betveen the reprcdi^clng heed and 
the recordlns oedivH. A rigid requirement for this analyzer ia that it 
provides ccnstant contaot of the playback heed against the eagBetlc tape. 

R. L. Wallace, Jr. of the Bell Laboratories*^ has eade experieental and 
thecretleal detexninations of the spacing losses involred vhen the re« 
produce heed loeee ccntaet vlth the surface. He reports that 

Spacing losa (db) • 53 (d/X) 

vhere d ■ spacing introduced betveen reproducing 

head and magnetic aedlun 

®r 

X • recorded vavelength ■ jr— 

^an 

db * decibels tiuit reproduced votsge level 
is decreased 

It is to be expected that the magnetic contact between the reproduce head 
and the Mdiua is leec than perfect. Modulation nolee introduces a spaeiag 
loss for devicea exhibiting only apparent inttaate contact. For exeeple, 
imperfect oagnetlc contact can result from chattering cf the tape on the 
reproduce head, or frcai chants in the degree of contact due to climqss 
on the tape surface.** Aaplitude a od u la t ioa of the reproduced elgnal 
results. Specifically, let us consider the case vhen a nonHaagoetic 
disc with tape vr a ppe d around the clrcuef erertce Is used as the multiplier. 
Any eccentricity la the notion of the disc vill introduce the anplltude 
modulation described above. Furthermore, '^is eccentricity vill result 
in excessive wear In the fcmads, \Sbdch increaees the area in ecmtact with 
the tape end decreases the sl03al«to*aioise ratio. 

Lastly, a characteristic hl^ frequency lose due to the length of 
the pleybaclc head gi^ will probably detenaiae the tqoper frequency limit 
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for tba pixiiipcksed asAlyzer. Vb«n the re^^rcdoc* vkv« length (X ■ 7 ^) «p* 

‘•o 

prottches the effective ple;ybeck gap lengthy Pr e decreaeed slgool oirtput 
vHl occur. Les&ert*^ predicts that this loss can be cs^ressed se 



Voltage level loss ■ 20 log 



10 



sicefi 



Eeaoe> there exists a certain uinlarun vare lotgth the reproduce head vtll 
recognise. 



Seiaple Iiewgth Ccaelderetlons 

Al^adlx D consists of an Investigation oa sataple length reqtilrMosnts. 

The results can be sussssrised as 

2 K f 

L (seconds) - ( 39 ) 

^ao'^f 

2K f 

L (cycles) - (39a) 

vhere 

L • reeorded sss^e length 

Su—ary 

Six key questions regarding the proposed analyser were raised at the 
end ef Chsgptsr I. A basic 'tiMory has been formilated In Chapter II*A, sad 
in Appendices lb, Q, and 0 vhich provides a basis for answering these 
quMtlons. 
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CHAPTER II-3 



Ea’EimojgAL roxsDtga 

iBtrodvctioa 

Figiu** 1*1 sbcnrtKl th« functlcaial o;eri.tlons nsccsscry to to perfcnatd 
on an rtoordad input in ordar to axtract tba daairad epactral daaaity 

of tb*t input* Pigura abovs in block Alagxm fona tha arrangcnaiit of 
cceapo n anta vbicb vac uaad to aceoopliab tha afcraoMmtiooad fiaietlons. Tba 
foUovlng diacuaaion of these e<»pcKUKtts refers to those actually used. A 
acre thorough discusaioa of aiajor coG^enants to accoa^plish ‘ttia desired fiaio> 
tiona is glraa in Appendix S, 

Outline of Oparatlon of Slock Diagrsw 

Tba xvknosn sasQila to be analyzed is taken as tha starting point for 
tha block diagran. This tape ia wrapped on tha periphery of ciarcvilex dlac 
9*00 inches in diasMtar. A reproduce bead is aounted so that the sagnetic 
tape cn the disc rerolres past the face of tha raproduoe head. Tha Bto>v«« 
sent of tha tape peat the ggp of the reproduce heed ceueea a roltago to be 
generated in the vindlrtga of the head in accordance with the signal on the 
tape ae nodlfled by the linear spaed of trtnslti<»i of the tape peat the 
gap. Saetsasa the voltage output of tha reproduce bead is rather low 
{O.OCA volts naxlxm for the heads usad^ provided that the te^ ia in 
centaet witht tba face of tha head) a voltage anplif iar ie uaad to raise 
the level of this out<^ut* Tha output of tha fspllfler nay be coEpoeed 
of 9 my dlffaarant frequatvjias depending tha character of tba recorded 
input. The salactive aystent pidca out ozu» fra<j,uency coepoocat so that 
this ecE^poncfit can be aacaured. Tha saleetlve system for this orraago 
mtmt is a high Q parallel raeonant tuaad circuit ac^oylng positive feed** 
back for Q ccultlpUeation. The output of tha tmsd cirevdt is fad threugh 
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A e*tbod» foUcwtr iAolmtlon stage to a cofnrMstiooaX linear detector. The 
detector Sjatenalme the ensilitade of tho slzigle frequency output of the 
tested circuit a« a fiaictlon of tine, and tills wplltude, varying at a such 
slover rate than the undstectod output of the resonant circuit, is ciq^able 
of belBg rsooxdbsd perannently cm a Icv^frequeiiey, pepsr recorder. 

•atm speed of the diec carrying the nagaetlc tape Is controlled by a 
Vard-toonard type of speed control. (Houever, this ccmtrol systea was 
run open loop using the typical speed ehareoterlstlcs of an ereature con> 
trolled, direct current Motor rather than oloeed loop vlth tacboeaeter 
feedback es ^rigliially planned) The controlling sigoel to the Vard-LecM}:.rd 
systee Is developsd In a fxactlon generator. Only an exponential variation 
vaa iznrertlgated and this Toltage vms developed In n eli^e BC exponential 
decay elrcxxlt. The VC output of the function generator Is aapllfied liy the 
voltage nspltf ler and poser aapllf lor controls the field current of a 
XX) geneimtor vboae araature output le coiuaected In series vlth the azwature 
of a XX) notor. The field of this laotor Is supplied txaa an external con- 
stant source . Thus the conhined systea provides an anaature controlled 
DC Motor vlth which the speed of the dise night be controlled* The con- 
trolling voltage and the speed of the aotcr, indicated by the output vcdtegs 
of a tnchcaicter, are both amltored by pspsir xucorders. The Input to the 
frequency selective tuned circuit Is nooltored by a cathode ray osciUoseope. 

Zt vaa deternined that the driving errangecicnt for this system resulted 
In an tncven rarlatioa of freq[ueaey as the jdi^red-back frequency of a 
recorded eos^ponent vss swept serose the tuned clrctxlt. In order to achieve 
a ssaooth variation of excitation frequency for the tuned clrctilt, disc 
was gsttacn \3p to the desired speed sod then was peraltted to slew desm by 
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ItMlf « 1)utt Joint transient of the raoorded saaipla vas uead sa a 
Baxter In or&cr to iadlcat* the variatloa la speed of the free ruonlng 
dine. Ihla traaslent vas recorded aXoog vlth the reeponse of the tuned 
circuit on a tvln paper recorder. The revolutions of the disc as Indi- 
cated by the butt Joint asuricers vere eelibrated la tlae by uslae one 
second sautere vhleh vere lavosed on a third trece of the paper recorder. 
A block diagrsBa of this arraageiient Is Aiwa In Fleure 2.6. 
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FIGURE 2.5 

Block Diugrum Driven Syston 





FTGUiE 2.6 



Block Diapr^in - Free Running 
System 
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CEAPoam III 
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g;»oretlc«l RcsuXtg 

A bMic ssaalys«x th«oz7 bu been foniruI&tAd In Chapter U*A, «ztd In 
App«ndic«s Cj 82»1 P. Die foUovlne 3r«sults of this Inv^etlgation sr« 
of spoolfic Intsrosti 

(l) Tiro jKjItlpIisr spe«d»tlBie rsXaticaships ver* detemlasd aod sr* 
pres«nt«d in Fisuree 5«I and 3.2. For ih« ninicnxa-snalj'Slt'tlM soltition 
e«ch 9JotiXyz9l ccopoaont raiHiiAS vlthin tho p«ss«h«ad of the eelectire 
network the alnlsm tine for aoceptahl* analysis. For the equal oMagple* 
analysis sdutloa each analysed coaponent reisBdns tmder scrutlxiy for tho 
entire length of e«^e. 

(S) The tera aoceptahle analysis is based on having the output of 
the selective mtverrk renain vlthin telerahle Halts cf eaplitvide and 
frequency distortion vhich are Ixapoeed hy the charscteristice of the 
eclectlve network. Figures 3.3« and 3*3 predict this distortion as 
a funetico cf a pareeeter K* This constant relates the characteristics 
of the nccitatlon frequency vith 'Unote of the selective network* Note 
that these residts are aiipllcSble only for the reagc of K indicated in 



each figure* 

(3) The racorded saaple of tsqpe eeieated for snalysls tsuat have a 
certain ainlavK length 



a K f. 



u 



f df 

ao 



^diere 



L • length of seaq^Ie eieaeured in saconds. 

«* the tapper cut-off frequency of the selective network. 

df <• tho head'^iddth of the selective network. 
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«o ■ tho r«cord»d ooK^ponent iwlns waalyscd. 



K - cycle* 



dt 



• th* output «P the freq,ueacy Kultlplier 



B6gerlJ>*ut<d Re*ult* 

Tvo factor* have coehlned to lae^te l^e cicperijeexital reeult* largely 
QuaUtatlve rather titan quantitative. !Cti«e« are 



(1) Variatloii of the eerplituie of the reproduced 
elgsal vlth OBsular poaltion of the diac duo 
to the eaoentricity of the disc. 

(2) inability to eoBtxtd the speed of the dl*c 
vlthia asrrotr Halt* 



Fl«vcr« 3*^ «hov* in a qualitative seemer the enaly*!* of a coia> 
po«ite recc^rded sevq^e. the recorded frequencies aztd the analysed frequen* 
eies ar* given belotr. It i* le^rtcht to note that the recorded saqple 
ha* not been a*alyx«d by m iadepcndcnt laeons. 



Rtwordlgg Ifregtaeacie* 
Frequitacy Relative Aaplitude 



Analysad Fregitencles 
Frequency Relative Aaplltude 
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Th9 disc for tiM alxTTe ao«Xysl» permitted to elov dovn freely. The 
verlatloA of the liaear speed of the tiiw Is c^ven In figure 3.6. 

Figure 3.7 gires a measure of the reeolvitlon of the eoslyzer for a Q cf 
the tined circuit of 625^ a&d a resomcat fnqvmtsy of $020. The spced-'tlme 
relationship Is similar to that giren In Figure 3*6 sad results In a para* 
meter of K equal to 2.^ at 400 cyclee per second sed a value of K equsl 
to 1.47 at 7 CO cycles per second. 

The sim^pe of the oirtj^tt pulse for one recorded frequency, 300 cyclee 
per second is given In Figure 3.9 fof different values of the parsmeter K. 
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FIOURK 3.3 

FLAK TRAN3MI3SI0N POWCT imOR FOR 
C0IJTINU0U3 ANALY3I3 OF SIVJIK 3KLKCTITS N"5TW0RK 




UQ IN nmc TRAMMiaaiow for ccmrmm AiuLtaia 



n 




j 



0.2 0.4 



nCURE 3.5 

CW3HIP Bg rW CP ^^ grrSC TIVI BAND-*IPTH, { f) t and NCTTINAL BA!P -width , f), F OR CO^^^TOU3 
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Anklyzor Indication Of uncorded Goriponents 



i 


r 




















1 










[ 1 




C 






1 




■ ' : . n 


r 








































~ - 


f • I' ’ -t-'V I ■ I ^ ■ ■ • 

^ . . . . . : 1 . - . . 1 


* 

t 














> 
































r 










































r 








: ' T T r " ’ T ' 


p 

u 









































* 


I 




1 ^ 


i 1 


t 

r. 


















0 




























: I ■ , . ^ I 


F 






J 


































1 








i i 


F 


_ 




^■1 










_J 


J 






• 






















T 

‘ 1 




bd~i±iii 


E 




1 


-f 










i 


J 






i 


























r 

1 


ri!iprAri'«4imHrviPiiiv 
























jU- 


r 


» . J, 








- j 












LLi. 


ik. 




T T-- 

! 1 ! J 


1 1 I. i-.; 




FC 


^'oiFiocif 






c 










ilGUiiii 3.7 






Expunded Indic-itlon cf Two *tecorded Comron^nta 
showing resolution of iiiii^lyzer 
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CHAPTER IV 



DI3CUBSI0II ASP COMCLlSlOiS 
DliCug«lon of Thtoftical R««ult« 

A 'bMlc «n«l 3 r&«r theory hee been foxsrQAteA in Chapter XI-A, utd in 
Appendlcee B, Ct aad D. In seneral^ the Theory provldee a hesia for enaver^ 

Ing the queetiona ralaed at the end of Cbi^pter I. 

Which Speed-Tjae RelationahlpT 

Tvo baale ralaticaaahipa have been detemined: the zainimunoanalyala*' 
tiae eolntioo and the eqnalHMB^c analyala aol^ttion. The eqnatlona vere 
derived by a qualitative tf^aroaclx. Fundamentally theae ere baaed on the 
fact that the aateltation frequency aveep la very nearly linear idille vlthin 
the paaa-bend of the hl|^«<l eclective neteoxt:* The deviation from linearity 
ia leaa than l/Q. 

A baaic eri.terlon for mtsy autoaeitie anelyxer ia to ecc^ete the onalyala 
in the BinlKua poaelble tine eon^tible irith the desired analyzer character^ 
iatlcB. Thia baaic need proaipted mx Imreatieaticn into the reaponae of a 
aim^o aalective neivoztE to a nearly linear svaep excitation function. 

Flfurea 3*3 to 3.5 correlate the reaulta Appendix B witli other theoretlsel 
etudlea curraotly publlahed in the literature. 9otc that theae curves are 
only 0 ood for the ara»A9 of K indicated. For this analyzer a certain ninlaust 
value of K ia coaaldered eaaential in order that eecondary aaakine do«a not 
predcalnate. Barber* eoncentratea on vider ran@ea in K end preaanta correction 
valuaa for the varioea distortlooa to K*a leaa than 1/25* Our plots are 
preaented ia order to provide a baaia for eetabllthlas tolerable llmita of 
diatortion* It la reoooattided that X be equal to or greater than 1.0. This 
should result in peak, pover errors lass than 1.0 db for coat selective 
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netwoxico vhl>ih vould b« uMd in an asialysar of tliln typo. 

Slsolfloantly^ cxm of tb« InvostlcKlM^ra^'^ invoatlgiatad th« raoponse of 
tbm mlAKXic ltidlc«t«d In Fieura B.3 to a lo^aorltlBRlc frvqutccy cxoltatlon, 

(All other raftmcea «r« coBcemad. vlth XlBaar-fraqi»Bcy>avaap axcltatloiit) 
Paoflald*! circuit only bad a Q of for abloh tbare a3d.ats a nusdsm da- 
vlatloa froa llaaarltF of SK>^. lavartbailaaBy Isand-vldth and freqviaaey las 
dlrtortlooa ara exactly pradletahle by the aquations indlcatad la Figures 
3.V and 3.^«bila the peak power error is only O.S db fvcm its predicted 
value. (See Figure 3.3) 

Vbloh 3xUltlplier relationship should be used In the deelgnad aaalyserl 
Equal saagile aaalyais la a vezy desirable characteristic. !IMs would anroid 
the posaible tlae-dlstrlbuticca aoblgulty In laasauraaaats dlscx»sad In 
Appendix C. Xfuel aaaq>la analysis is considered to be en essential character- 
istic for the prppoeed analyser. Curratrtly available wave analysers do not 
achieve It and this would be a big selling-point in favor of this constsnt- 
perceatage resolution device. Yet^ it should be noted frees Figures 3«1 ae»d 
3.2 that equal sseple analysis scnetlakts requires excessive analysis tlM 
as coepared with the alnlsass-aselysls-tliae solution. Another solutlcm would 
be to increase tlw nuaber ef frequency bands aaslyzed. Bowevar^ Increased 
msifeers of filtexw and recorder channels tends to over-cosgxLicate what Is 
basically a very slaqile device. It la anticipated that the vanre analyser 
could quite x>osslbly consist of a oultipller speed-tloe reletlcnahlp aade 
^ in part by seoiduts based on both equal-saRple-analysls sad nlnlsvaK- 
analysis-tlsta requirements. 

!?echnlcelly the equsl-sexple-cnalysii solution docs not provide 
constant percentage reeolutlm since X does not stay constant. Figure 
3.5 Indlca^M that effective band-width beccaiee somller^ and percaatage 
resolution latproves as X increases. Yet for all practical purposes 
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conBt*nt-perc«nt«j5# r#iol\itlon results^ For a hi^-Q iietvcnic the differ- 
ence In rcaolutlon for * frequency hend le aaall. 

Rte Inflvance of ll(t) 

1%te epeed-tlBS reXatlcaashlp directly affect* the averaging and Indl- 
cetlng devleae. !Itd* i* clearly Indicated la Figure 1.1. 

Conaider the indicator. The graphic recorder sust Yjnav vhat fregueacy 
it being snalyaed at any Instant. It is denixable that: (l) the recorder 

ta^ hare equal Isterrala of frequency diTleicn*^ and (2) this tape be a 
xnre-printed affair. For the lainlmn-aealyeia-tline eolution the recorder 
peper can novo at a constant speed. An aaplltude veretia log f plot re- 
sults. OoMever, for the desired equal -saeple-analysis solution the peper 
vlU not run at a eoaatant speedy but insteed vlll foUov its own speed- 
tine relatlonahip. 

Ibis cosgilicatioo extend* to the averaging device. For exaaple is 
equal aaeple aaelysia the 6fX> cpe cocponent reastins vithin the averaging 
device three tinea a* Icos a* the 200 cpa ccaponent. Ihe necessary deeiga 
reqoireswnts for tint cvereglng device smst be investigated^ as must the 
basic philosophy tmderJlyli^ the areragiag circtaits for this soalyaer. 

D1scv«b1or of Experiawxtal Feaulte 

The tape for the one rvsi reported for differejat f^eq^s£aK:y cocpoaents 
has not been analysed as yet by IndepeWlcstt sesms. It ie cbrioue that 
there 1* K>re on the tape then vas supposedly recorded. An c»M:lllcscope 
vas set up to monitor the output of the selective circuit before de- 
tection In order to Insure that these extra signals vere actually being 
Inposed OQ the selective systea. This prescntaticaa corroborated the 
paper recording. The presence of these sl^jals can be esgdalaed by In- 
cpcratJvo erasing during the recording of the eigael*. The tape for 
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this scslysls pr«p«rsd hy slnultatMetM rscordlng of ths outputs of 
ssvsrsl «uAlo osclUstoTS sod only ths outputs vsrs osssursd, not tbs 
coeqpcaMats m sctunlXy rscoxdsd on the ts|>*, Sis Is^rtsnt thing for 
this ssm^e Is sot that extra signals ars on tho taps hut ths clossasss, 
vlth vhlch ths sQfVsral frsqusnclss as rsoordsd vsre actually analyssd. 

Durlsg ths progrsss of this thssls It ims dscldsd that an ssiplltude 
coagparlsoo could not bs aads for ths Tsrlous snalyzsd frsquenclss dus 
to (l) tbs pulss Tsrlatloo dus to ths sccantrlclty of ths shaft vhsrshy 
tha null of ths pulss sight add or suibtract to ths snxlam rsspoiiss of a 
constant suplltuds slgsal, and (2) Inssrtlces loss due to ths air gap. 
Isrerthsless it is Intsrsstlss to nots ths rough correlation hstvess ths 
rslatlTS Esenltudss of 'Uis irsccrdliig oscillators and thoss froq.usney 
coGg)onsnts vhlch did sheer on ths taps. 

A Q of 625 would glvs a handirldth of shout 0.3 cycles at iUX) cyclss. 
Clssrly ths rssolution idilch was chtalasd is not this good. It Is an 
Ixportsnt fact that ths Q of ths circuit hsssd only on the half povsr 
points Is a poor izsdicatlon of the rsspesss of ths i^rstsn. Another lm~ 
portast fsaturs of a rssoneiat circuit is ths nature of ths resonant ctnrs 
outslds ths bsadpass. These skirts could easily lead to the poorer 
resolution as obtained vlth this Kualyzer. 

Actually such a high value of Q would not ba nsosssary for vara 
analysis sines a rsselutlon of 1^ is ctcmslly scceptahls. The Q In 
this case was sat hl^h because it uas desired to have a K parssieter 
Tslus of ehout 1. Vlth ths free running csss It was necssssry to set 
the Q up. Dus to tbs difficulty In reading ths Gsneral Badlo frequency 
■star dial at ths resonaat frsquency of the tunsd circuity it Is eetl> 
mtsd that this Q could be In error approaching 100^. Hevever^ this 
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v«lw of Q wctJlA mot «xpX&ln ttw pocr«r r«soOLutlon of tho asAlyMr m would 
b« exp*ct«d by m sroAcosot sy»t«s ipeclfl«d ooly by It* Q. Tvoa th« «x» 
p«ad«d ladieatlcn of Fleure 3*7 which vaa ohtalzMtd on th« fMt spead of 
tb* racoxdar^ it c*a ba aea& that ancrthar fratfuency conpoiaent aaparatad by 
two oyclaa would ba zoaolvad. This vocdd correspond to a resolution of 
approxlaatsly 0.3^* The ahsanc* of the frequency eocqxjoant at 686 cycles 
per second can cnily he axplainsd by the fact that the campaamit was not 
sctTMkUy rseordad and aot that it vac obscured by the frequency at 696 
cycles. 

The hisfcer frsquoncles which ware s«pf>osadly recorded on the ts|>e 
wD\dd not show up to soy larft extent. This fact le due to the rapid 
chance of disc speed at the analysis of these hlc^r frequencies (or low 
disc speed) This fact it not Inaedlately obvlove frota the spssd tine 
relatioaship of Flfiurs 3*8 hut could bs seen by the rapid variation 
the butt ^Int iafe3d;trs la this range. Consequently tbs aEqtlitude of tbs 
repcroduced signal wc\)ld he attenuated due to (l) a paxasieter value of K 
less than 1*00, (2) am incrosse in the inssrtiem loss at higher rscoried 
frequencies end (3) the norasl low frequency dre^ off of a recorded signal 
when the recorded vanrslengtii appxx>eohss sod exceeds the dixaensiems of the 
reproduce hsod. Vitbout belsborlns these results any acre. It Is felt 
that an scotirate analysis using this deries cotCLd be nede froa the view 
point of frsqueiwry alone end under certain conditions the aeqditude of 
various frequency coe^ixxients could he aeatursd within tolershle liadts. 

Conolusions 

The ejq^xlMtntsl inrestigatlcn of the analysis broufht out several 
real and ixportant dnurbacks in the equipBexrt which vo\d.d be necessary 
for this analysis. The first Is that it is aecssssry to Maintain con* 
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tact brtvMQ tbs s^roduce bead and the tiq;»a and at the very laaati any 
air gas> abovtld Tfealii eoaataat for tba astlra len^h of aaa^a vbleb la 
bains analyzad. Any air e»^ la accca;j>aalod vlth a ec»ialdarabla aQuaiLisa** 
tlon probXaa If It la daalrad to analyse acy aodarata raasa of fraquanciea. 
The aeccod aaoentlal dleadvaatage of the analyser la the necaaalty to 
achieve acettrate apeed control of the disc or tape. Vlth tbeee inbereat 
dravbacka in aiad a r ea aa eawwrat of the entire vave aoalyala problem vaa 
made In order to detenslne If eoate concrete oeoclnalona night be oade. Iii\ 
jpasrtlcvlar the featvree of thle analyser vere oonpered to a conventional 
heterodyne type analyser for the deelrable cherecterletlcs of an analyser « 



The reatCLte of thla reaaaeannent are slvea belcv: 
Characteristic 



Msssimua reaoXutlan 

Conatant percantase 
raaolntlon 

Aotonatle operation. 

Mlntann analysis time 
vlth autoiaatlc operation 



Asblsoity probleoi 



Heterodyne 

Easily aecoe^llshad 

Would require acan 
device v^cb vo«ld 
vary the Q of the 
reaonant eyataa as 
the reaonant fre- 
quency vere varied 

Can be acccc^lsbad 

Would require 
multipllcatloa of 
frequency of secq^^ 
to take aftrantaca of 
featar analysla poea- 
Ible at higher reaonaat 
fr^picney 

Eaally aceomplithed 
by rmsoetle ti^ 
atorage 



Varlabla Speed Ttpe 
Eaally adconpllahed 
Izher«rt 



Inherent 

Inherent In that 
multiplleatlon of 
frequenclea la In- 
herent 

Cen be made inherent 



From theee results It la seen that the varlehle speed jaagnetic Utpe 
analyser Inherently eafbodlet many of tha daslred eharasterlstlcs. USsvever, 



not all theaa characterlatics are daslrad at the sana time and the rasuLts 
suet be considered fzom the vlevpolnt of oee or two specific chartacterlstlcs 
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for eoMo ii>pIlcatloa*. Ktverth«leM, the fo«ture of isIbs aMcnetlc t«s>« 
B£kd Kultlplj'inc freiitMnclM in Itself aakes jsamy of those other character- 
lotlcs easily olatslmhXa. A correapoallas characteristic for the hetero** 
(Syne vouLd require a aatsh Doare elsiboride device then ia xieed now. Co»- 
aoquattftly, it is oc«Kl\iied that any oore alahorate equlpaeat could Just 
as veil be <put into makln?the variable speed auMSaetie tape vozic properly. 

In truth the equlpaeat for the varieble wstpetic speed analyzer need not 
be acre elaborate than that vhieh waa usad in tlda inveatl^tlcn> it need 
only be sere aeourate or function sore aecarately. 

A sunnary of conclusions is given belovt 

(1) Frcqusacy aMaaurenants vltb good acoinvtcy and vith good 
resolution sre possible provldod that the frequency con- 
ponente of the eanple te be analyzed are of the aazie 
order of amgaituSe. 

(2) Meesureaent of the asplltu&ae of various frequency con- 
poasnta accurately can be nado provided the problens of 
air gap variation and tape speed varlatl<»i can be eolvad 
by nore ]^r«ciee esQierlaentation or different equipeaent. 

(3) ]^{unl smslm tiaw anolysle vould require a detailed in- 
vestigation of Possible averagins devices and indicators 
to display the InforKatlon. 

(\) The butt Joint is not a factor in the enalyuer provided 
that there is a sufficient length of saBqOLe. 

Rsopf nd ntlC3Mi 

(l) Further study shovdd be aads of vhat types of recorded 
saoples thie type of device cea aeasure. Aaslysis vaa 
Made oa the basis of sinusoidal Inputs. 
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(2) InTttfftleste the poGtiblllty of using *> 3.oop of tepe 
which would be transported across s reproduce head 
rather than afflxiag the tape to a dnn or disc. 

(3) Farther israstleatlon of the possibility of letting 
the drua or driving mechsolaa slow dcwn due to its 
own or artificially introduced djaE^>ing. This wo\ild 
involve determining sn adeqiiate neens of presenting 
of the derived Inforaatlon. 

(4) Investigation be made of a device which would per* 
Bdt averaging the response of the selective eystem 
when equal sarq>le tlrie analysis vaa being used. An 
indicator which would present this infomation should 
also be Investigated. 
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MCWEBSL^CTHe 

e^uelt 

tb» cpaclnc introduced between reyrcdxRiag heed end aa^paetic 

aedlvB) laches. 

the «Kcitetion function of the oelcctire aetwoz^. 
the recorded coeg^onent being azMXyeed at tice t> cpe 
recorded frequency ccxapcneatS) cpe. 

reproduced frecxuency coarponumte, i.e, the oiultlplier output^ cpe 

the aid-head frequency of the eeleetlve network^ cpe 

the lover cut-off frequency of the eeXeetive netvoiti) cpe 

the value of f for t equals sero> cpe 

the ^pper oizt-off frequency of the selective nertwork) cpe 

the tsiit Isipulse response the selective network. 

equals i cycles, 

bo/dt 

f. 

length of recorded sas^pls> seconds or c^^ee 
the aultiplier speed tixae relatlcmhip. 
tskeo on rsluas 0^ 1, ... 

equals ^ 

tbs response of the selective setvork. 

the lasteateoeous aultiplier epeed^ inches per second. 

the sailtiplier speed at t equels aero> inches per second. 

the coostsat recording speeds inchee per second. 

decibels. 
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the bend-vldth of the eelectlve zMtvoxk^ cpe, (equale - f^} 

the lacreneat tine sny coo^x^aeart must resa&ln vlthln the 
pnee^band.) eecoade. 

the effecttre ^^Leybeclc gap lea^^ for the reproduce heed^ lachee. 
the logerithnlc deeroBent. 

the enfflQ.er dleplaeesent for t equals eero^ mliens. 
recorded enrelength) Inches 
dll^aCIMSnt} X*ftdlut£l 

the huLld-t^ tine for an ideal hsad>q>aes selective netwozdcj seconds, 
angular frequency) redlace per second. 
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Ajp]p«nili2 B 

trfgfgmcA!, ggBmijL'vyioK eg tiie KULgrn>iiR srao^TiKg KELATioiEnip 

Th« iMUlic aystem tm» ^»aan daacrllNrfl In Cbaapter II»A. (6e« Figure 
2.1-2. 3) It baa baaii aaawad that tha ayataai i£3;>\it can b« rapreaantad 
aa a aarlaa of a dlacrcta sinusoidal eca^onaats^ aoeb ot fraqaeacy 
f *. Tha output of tbs aultlplisr la than a aarlaa of frequancy nod- 
iilatad conpooaota, 3be ead.ti])Xler function can ba eiepraaaad 

la texas cf tha laataateoaoua raproducra opaad^ &(t)^ and tha flxad ra- 
eordlnc spaad, S|^. 




A fundaaiaatal Multiplier n^tlooabip axlats: 

!%la ralatlosiablp allova tia to dascrlba tha escltetion fiatctlon of the 
flxad aaloctiva netvork aa follova 

a(t) - 1 cc« 8 • E cos (^)t * E cos (2«fj^(t))t (3) 

ahara I « conatant mdnltvila 

a » aaeular dlsplacaaent 
Tha Mli^iiwas-Aaalysls-Tlge Solution 

Tha Initial stap in tha logical daaalopaKnt of ff(t) la the datar- 
aiaatioB of a ainiaon-iaialyais-tlae aolutlos. Ihis reletlooahlp la to 
be flxad only by tbe charaetarlatlca of tha aalactive netvorh. Each 
darlved ccnp<»)ax>t^ la to regain vitbln tlxa pass-band for tha ttl&i* 
nm tlae for aocaptidsila aaalyals* This condition la bcu»ad m tlM» ra- 
qulranaat that the oixtput of the aalactlra systsm rmadn vlthla 
» 

Where aiJbeerlpt n takas on values 0, Ij 2, ... 
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certain tclerahle Italte of miplituae end fvqvmicy distortion. 

<ifw 

AbKa«t. mini., .i.ljr.1. tl« ,™ad r«Blt IXt (1) -5^ .,«1. a 
constant vlthln the peeS'lMusd for all valacs of (2) this cor^ 

stant sweep rate Is crltlcel for the selective netvorlc eoQBlatent vlth 
tolerable aeplitudla end frequency distortion.^* 

In the treatafSat ifhlch follows, Jt(t) Is cvalueted hy a ^pwQ.itstlve 
apparoach initially. Finally, the natvere ttaoA naealtnd* of the errors in- 
volvad will be detex-Blned. 

For an Ideal, bcad-pess selective aetwosit, the build-up tisie, 7^, 
is related to the width of the reetmaat reepoaea curve at the cvt-off 
requenoies, AT, as follows* 

^ 

Z«et tsi asstsw; that the tine. At, sny cospooent f^ snist renala within 
the pass-bend Is proportional to the brdld-up tine. 



This certainly will provide a apeolfled nlnlaun distortion, providlnfg 
1C is nade large eaeugh to satisfy the critical excltatlm sweep rate. 
UlMtber this ralatlOAship will jsrovlde the ebscluteHalnlmK■>eu^ely8is- 
tlne solution depends upon the sweep llnearl'^ within the pass^bacd. 
Divide both sides of Stuatlon 5 by AT and invert. 



At • K ^ 



( 5 ) 



«^re 



K « a pure nuaerlc (cycles) 



Then, 




( 6 ) 



The fwndcasntal nultlpUer relationship bos been cn^xessed as 
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Differentiate Equation 2, corwidoxlnB f^ constant. 

^bn ^an dS 
dt “ d!T 



For this enalyear 



fB ■ f ,S_ • f ■ constant 
u u o o 

where 

f « the recorded co«q>onent^ f^^ being analyzed 
«t tiae t (when ■ f^). 

8 a tha value of S(t) at tine t. 
f^ a the lower cut-off frequency of the selective 
network. 

f^ a the iqjper cut-off frequetwy of the selective 
network. 

f a the value of f at t a 0 (hence, f a f ^). 

S a the value of 8 at t a 0. 

o 

Therefore^ Equation 7 can be expressed as foUovs 

*^bp fu ^ 

dt “ S dt • 

Let us assuEM that 
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/V bo 
At * ’ dt 

W9 cm then equate Squatloos 6 and 9> Aod integrate 
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Kf.. 



FvzrthcrQore, wee of Equation 8 allxTWS tblc relatlonahlp to be eiq^ressed 
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Equations Ub and 12 have been non*<ii£]ietuiionallzad and plotted In 
Fl^^ure 3*1* 

we cen ncv deteralne the cnror Ixnrolved in the iqpprcncistatloo of 

^bn 

Equation 10. 5he generel expression for is obtained frora Equation 
7. Specifically, 
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Let vm investigate the specific region of interest: ^x^^bn^^u * 
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It can be seen that the SMsximuci error involved in the original asstx^lon 
occxurs when f^(t) ■ f^^. Proa Equation (13) 
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The zMtxljnuEi dcvlatiOQ frcn llxiearlty can he esqpreaoed as 



(Error)jj^ » 




( 11 ^) 



Sine* this systca will eaploy a hieh'<2 aelectlre netwosic, the e^proxlm- 
tloQ of Iq}3e,t±<aL 10 Is a valid one. 

Two characteristics of the eveep rate for the ni1 nisw,aB-aoalysls» 
tine sdutloa should he noted. First, whso fy„(t) equals the maxi- 



iadspendent of the value of f^. Therefore, it the sweep rate of the 
derived ccxsponents is less then a certain critical valiie when 
equals f , tolerohle araplitxide and frequency dlstortlcm will exist 
thiou^iout the analysis. Secondly, is appi-oxira&tely equal to 



ties are exactly equal at toe cut-off frequency, and have nexlmB 

deviation at the lower cut-off frequeiwsy. The laaxlHua deviatl<si frcaa 



A linear Multiplier 

To asBlst in the selection of N(.t^ a linear speed-tiBWs relationship 
will be investigated. Let us continue the inttiltive analysis of 
Chs^ter II -A. Pigureo 2.2 end 2.3 repi'csent the general physical re- 
lationships involved. Those can he replaced hy Figures 3.1 and 3.2 
which describe a specific linear zsultlplier. Hote that for this case 






f^ ■ Mid band frequency of selective network 
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f^(t) Is elvttys lliiaor. Ilcwever, its slopa is not of constant mognltude, 
but is a rv&KTtlon cf tbs valtie of tlie z«cca.'ded ccsqponent being analyzed. 
That 1 », 



“dT” dt dt 
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is the critical sweep rate, all other valxjee of 



bn 



dt 



vlll oversatisfy the characteristic tine requirements of the selective 
network. 

Vo asre interested in deteminlng the function K(t) which will satisfy 
the following requirements: 

(l) It nust be a linear speed^tine relationship. 



( 2 ) 



network. 



Bust equal the critical sweep rate of the selective 



Proa Equations 7 snd 13, 
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(15a) 



This can be re*expressed as 
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Alao^ from Equation (8), 




(15c) 



A ncn-dlneoeloiBelisad plot of Equation I 5 Is presented in Figure 3>1. 

Oie Eqi«l-’6gjgde-»AaalyBls Soltition 

The second step in the formulation of an appropriate laultlplier 
function is to consider those deslmhle features vhich ml^it be incorporated 
in this 3 aev aaalyaer. Previously we have only concerned ourselves with 
the limitations of the selective network in order to obtain maxlmn re- 
solution within lalnisuB aaalysis time. In addition it is desirable that 
each analysed cccponont remain under scrutiny for the entire length of 
sastple. !ZMs requirement would result in the energy reported at each 
frequency being associated with the same aaalysia saaple as the energies 
reported for all other frequencies. Currently available types of wave 
analysers do not accoe^lish this feat. The possible ambiguity In meesure- 
ments which can result is discussed in Appendix C. 

Bqml sample analysis can be described as 



In the cdnlaun*«nalysi8»time solution^ At is constant} hewever, S is 
continually decreasing. Ebe Aaalysis of the lowest frequency cwapoiient 
traverses the entire length of sacple. On the other hand; higher fre- 
quency analyoAs cover prc^ressively smaller portlcms of the original 
sac^ile. 'Shis can lead to an ambiguity In maes\ireisent8 as discussed in 
Appendix C . A similar appraisal of the lin«tr xsultlplier relationship 



S At » SAt » ccaistant. 
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where 



. the tlM co=q>o«ot met remln 
Within the pass -band. 
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Indicate* that It sl«o pr«*cnts unaquaX Mwo^le length analyva*. 

It 1* poMlhle to entXu&te K(t) in the qualitative feehlon vhlch 
h*8 teen foUcwed prevlctMOLy. Iqiiatlcae 6, and l6 cam be combined 
to yield 

8 

• ^ < 



At « - r At 

o 



K f 



Clvide both eldee of the equation by df and Invert. 
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Let ue aesuse that 



Af /V ^bn 



At 



dt 



From Squation (9) and (l8), 
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A i 3 on-<dijaeiisloxinllaed plot of Zquatloa 21 is presented in Figure 



3.1. 



It is ncv possible to examine the error resulting frcn the approxi- 



aatlcn of Equation 19* Differentiate Equation 21b. 
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This sscpressiaa can he sitbstitiited in Iquation 7 as follows 
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Let us exsalne the regico of interest: 
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Birt^ this equals > ^ frott Sqmtioa l8. 
Hence j 

df. 



dt L " At 



As la the mlnli8ua-axi3lysis*>tlrae soltitlon, the laaxiizaaa deviation frca 
linearity occ\irs at the lower cxit-off frequency of the selective net- 
work. Trcio Equation 22 

cf. 
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ISie mxlmw deviation frcn linearity is expressed as 
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dt 



(Ersror) 
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Bence, within the pass -hand the noxboun deviation from linearity 
is the sase for both the ndnlmn-WKilyois-tiiae solution and the equal - 
seisple-aittlysia solution. Its onximia Bsgnitxxie is less than ^ . For 
all practical purposes, the sweep rate is linear since the analyzer 
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syatcBi vlll coneiot of a high*<i aelactlY* nartvork. 

Filter* 2.3 preMnts a eeRoeral pict\sr« of the fanlly of decay in6 
co3sp<3»cnt«, irv*€piJ3s acroM a fixad paas^band. The nlnljRW- 

awuLyslS'tlaa aolvtlon exhlblta critical r^^aap ratae at for all 
aalt»a of ^ other haal, th« a^ual-aaapla^azuOysia eoluticn 

has only one critical svreep rate: thla occvira for the derived conponent 

f^(t) aaaociated with tha loveat recorded frequeoey ccjoponent, 

All other valuae of f^^(t) vlll overSHUtlsfy the characteristic tl»e 
raqudrasente of tha selective network. 

Tha Excitation Fiav;tlon« e(t) 

*nu» eattltatlcn fvinctloa of tha saleetiva network, e(t), hae been 
dcacribed previovtsly as 

a(t) ■ S cos 9 ■ 8 coe (d©/dt)t « S ooa [2jtf^(t)]t • S cos {«aj^(t)lt 

Frca aquation (2) 

(t) * f lf{t) • f 
ba' ^ *an 

T 

Tabla B.l relates the easantlal chaiactoristlcs of «(t) resulting 
freat the three different aultlplier reXatloiushlps. In order to coaq>lete 
the usefulness of this tstble, the values of the angular frequency sweep 
«t. ^ »tlo are Sine. « .« «0. lnt.r- 

ested In the critical rate for the linear multiplier, its tabulated 
characteristics pertain c«ly to (f_„)^„ * f . Bote that, wherever 
possible, refer<mce is cMde in the tsble to equatlcns derived in the 
text. 

It will be shewn that it is useful to a:Q;;res3 & by a Maclaurln^s 
Series for the short tljse inter?al about t » 0. Three such series are 



presented la Table B.2 
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Theoretical gralufttlon of Sy»t«a> Reapene^ 



R«fer«ace ho« be«a nede to e req-ulreamt that the output of the 
•elective s/ttea rene.Ui vlthln certain tolerahle «gplitude •od frequency 
dletortlOA. Frcn Table B.I the critical eireep rate for three poeelble 
relatlceiAhlp* fer ]f(t) eon he eicpreeeed m 




It vlll he ehenm that the eaomt of dietortica present Is a function of 

the value of X. Xn order to evaluate this distcrtlom^ It is necessary 

to deterwiae the s^ten respenseto am excitation functlc»i. !Hiis een 

he eccos|>llsbed hy application of tha ei^E«rpositlon tbeoren'^/® vhlch 

desorlhes the response of a linear systesi to an aurhltrary excitation 

fanctlon in tenaa of the respeswa of the syeteia to a vsilt Impulee. 

This theoren tehee the form of the real convolution integzal 

t 

Tit) m e<r) h(t-r) dX (25) 

vhere 

r(t) M the reeponse <a the systen. 

e(t} « the excitation function of the systen. 

h(t) • tiM unit Inpulse reepoose of the linear system. 

The analytic treataent of this Integzed oen turn out to he extroa&ely 
dlfflcxilt or practically larposslhle. Eovaver, a graphical treatjaeat 
can he applied In such coses. Gardner axsd ISames^ describe the basic 
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procedures Involved. Sxtch sn «rval^a&tinn Is very useful, l7Ut it is elso 
VC 27 tlm oefiSUBLlns. 



Sic fQllovlA(2 scAlysls is bsoed vipciix s systen viiich olieys a linear, 
second order differeoitisl equation* To assist In the saalytic treatment 
of Equation SD, the specific LCH circuit of 71|pjre B*3 has be«B selected. 
Slallsr iMMiultfi vould be obtained by the me of any linear seccsid order 
systevi. The Isf^ulse zt:si>o&se oca be deternlned frea Equation 36 in 
Figure B.6 by use of Laplace Transfom 1.303 ti*on Gardner end Barnes.*^ 

®o . X t - 

b(t) — ^ (27) 

‘i/rrx 

IjQ* 

or, alteroatlvely 
o 

b(t) » “ sin (oioket - ♦) (2?a) 



vberc 

♦ - }/k^ 

^e “ i/T - ki* 

In order to evaluate comrolutlon equation 33, it is neceesary to 
describe the esccitatioa function. Table B.2 Indicates that for the tvo 
nen -linear multiplier functions, the first three terns in a Msclaisrln's 
Series of ^ are Idnntlcal to a linear freqwsicy sweep, PurtharsjDre, it 
hsLS been sliown that these fuactlcnB oahibit very little deviation froa 
a linear freqxaaacy sweep. (A hlg^-Q selective aetworii exists.) Therefore, 
the excitatiem fxawticsis can be I’epreseated as 



w 




Figure B.3 



The Selective System Used For Response gvaluetion 
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therefore, 



B^(3) 

o 



a *^^(e) 




■here 




Sin (a) ■ 1 For unit impulse 



»ixk ( 29 ) 



Subatltut* e(t) lund h(t) into Eqmtion 25. 

Kt) . g I'co. 



For derlratlcu purpo«e0 it is aot ncccssaiy to ter.3ln&t« the eerles 
easpemsion in 0 to a t® tearaa as is dxxncs in E^iaitlon 23. Kok^® presents 
& general proccdvcre for solving soy transient frequency-iBOduLsted sigoel 
that can 1>e represented by cn excltat'*aji vector of the fom 
e ■ E eaqp (J ♦ f(t)^ J 

Eowcver^ this netliod reqvdree extensive use of the Fresnel integral, vMch 
has not been tabulated to any eppreclable extent for cocplex varleblee. 

Cn the other hand, once Equation 23 is United to the Indicated series 
expansion, ve ere confining ovirselves to the study of a linear-frequency- 
ffwoep excitation. Kie basic evalmticn probl«a posed by this type of 
excitatlco for a sirple selective nctwoiis is not a new on®. Wc attenpted 
several, seeningly-original approaches to the breakdown of Equation 29. 
However, closer exciainatioa of oin* sedutions indicated othcxvlee. Each 

apptxiach vas nerely a varloticn of one ov wore proeodvares contained in 

* 

recent llteiratwc. One of these solutions is presented below in ordexr 
to provide a better understanding of the basic pbenoiaeaa involved. Biis 
approach represesnts a laodlficatloa of Barber and Ursell^s* ccc5>etcnt 
st\xly of a taechanical analogy to our systcci, which is a variable -speed 
optical eamlyacr cKploying a resonant vibration gelvtaaoceter. 5bese 
authors provide two xaethods for evelustiin; Equation 29* She first is 
ex^iaxistivic end detemines an upper limit to the errors involved. Although 

« 

Tiicse papers are reviewed in Chapter I. 
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Z e ar 



th» iteocnd tsetlxxl in r»r« , It a j-hycical picture of 

the re«pon««. ?cr thi* reaeoa tlx rcllcnrlt)^ analyaio pcxralleXt the latter 
approach to i:h» prohlam. 

For our vave enalycer Q Is very laz*«e. For this case 
f -90* 
k* - 1 

Therefore, fros TriaoswiBetrlc Identity 1 

-«D e’^i^ 

coeo^kst 

Let 

“ ®o * “ 

A - - B 

Vext, the excitation e(t), whose fre^usssy Is slowly chse^ng, any 
be regarded as the em of two cociposents of consteat fretjueacy, whose 
sm^ltwdfts are slowly changing* Frca Trli^sKssetric Identity 2, equation 
20 can be r^iresented as 

e(t) - A cos ( ^ ftjt) CCS ) '♦' A sin i ^ att) sin ) 

The effects of thess two ooapoaents will be considered by separate sub* 
stitution into Convoluticsx Bquatlcai 8^* 

Then 

rj(t) - c« (e ♦ ori «» a(t -r )iY 

Ideatil^ 3 allows thio to be expressed os 



(^^~){cos Oft) ♦ COB { - cjtld'T' ( 3 C>) 

Cnly the second teiss within the brackets of Bquatlcn 30 vsarics rspidiy with 
* If we write for this ters its aeiesi Talue of zero. 
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All trljpQsoiiMxtrlc identities are listed In Table B*3> 
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]3iy Ide«tlty 4 



r«(t) (^)Uia (^4.u)t) ♦ *ln (^ + ao'T- o>t)3d'r^ (32) 



UeioG the sMne arguaent as in Equation 31 above ^ 

rs(t) . ^ .to (e ♦ art) V>'^<,ln (^) ar" 



or 



y«(t) • ^ sin ( ^ + cot) Yi 



(33) 



(33a) 



vhere Xx end Yx are factors vhich can te considered es w^plltudoe vhich vary 
6lc5Vly with tiae. 

Tlie above expressions can 1x3 cceblned to yield 
r(t) « rx(t) r«(t) 



“ ^ (Xx COB (^f cut) ♦ Yx Sin ( ^ + cat) ] 



(34) 



where 
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^ ^^x(t-T) I 



Sin 



( 34 «) 



then 



1£ ve chanse variables so that 
u » t 
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CQVifttioa 3^ relctM th« raocoaat .fro^usRC/ and the Inetoatoneotia 
fre^iwnay of >«cillati.on. It la alao ac^xvetident to study the excitation 
fre^uem^, ^ ^ define two tiev variables X and Y where 

Xx » ■* {X cos ^ cttft* + Y aln ~ c««t*j 

Yx » • X aia I «at* + Y cos | ocat* (35) 

If these rolatlcnshlpa ere vu[bstltuted iato B^vwtlon 3^1' v« see frcn Zdentitiee 
2 and 5 that 

r(t) » ‘-^Y BiR(e oA - - X eca ( ^ -► «»t - 2|^) ] 

- ^ (Y sin 0 (t) - X cos 0 (t)l (36) 



where 



i I e ^ ece (ecutu <• cqju®) da 



•• OJU 

4IP 

Y ■ ~ j e ^ ela (ec3tu - g a«i®)du (36a) 

''o 

SsMHinatlcn cf Xq^iatiou 36 indicates that the systcn respenso is the 
sm of two oseillatloaa whcee frequenciee vary IDce tlie excltatlcxi frequcsicy 
end whose asplltudes vary slowly with tine. In equation 3^ we cee that 




Is a raeaetse of the differaaae between the reecnaat frequency and the 
iastantaaeoiaa frequency of oecillatlcn. Oa the other head, Equetioa 36 
Illustrates that the difference between the eaaiitatiOQ frequeaicy and the 
l^taataneoui frequency of oscillation esa be Indicated by 
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E:jpr*«al.onfl 3 ^ «Jid 36 are equivalent. Both lead to the aeao value for the 

aa^litude of the response, R. 

i/a i/e 

R « lx* 4 Y*1 • IXx® + Yi®] 

With the aid cf ti» Adalxulty CosQpxitin^ Service, Berber exui UrscU have 
plotted envclopee of this transient resonance. Their resiilte, vlth ap- 
propriate chances In notation, ore presented in Chapter II -A. 
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Appendix C 

A*«iI0UI7y IK KAVZ AKALY.rS WL\‘mHU2irJ* 



It hMf f<ir »t»ao tlstt, been rec{>{p3l¥«d that epectrua «naly9e« nsule 
by cifflrrcntly avaJLIxble type* of var* eaeliTior o?ply to vave taatr$y vhich 
ic varying In chcraster durlns the onalytia. In other vord*, the energy 
reported et cne fre<iuency ie not ansocinted vlth the sane aaetple cf the 
phenoaena analysed ae the eaerglee reported for other freqasnciea. It 
ic the pixpoce of thle ncaiorandm to exeeilue briefly the nature and laagn/ 
tude of errcTi likely to appear in aouad aaalyeec naie by InatruKcnte 
of thi* type, 

^e oacillo£rar-h fcrsdng part of Figure C.l »han, ac a f\Biction of 
tltaO| the Cfutpufc of a be 2 »i-p®ae filter ^^tmx reapotsiias to the underwater 
couade due to the propeller of a peacisg ship. Ibe outpvit of thin filter 
la reatriated tc eci^ponents the freqtvenclea of which lie in the half 
octave between 212 aad 300 cycle/scc, Ao esowaliatloii of the output# cf 
filters pacsing hand# cn either side cf this indicates that during those 
time interraJLs for which a large respciaie Is reported the energy spectruri 
for this bead nay be virtually ccatinucus *»d that the energy distribu- 
tion nay be nearly unifema. ^ere is^ of course, no assutanca of this; 
a trace baring this gene3?al appearencs would res\Jlt frea a cccs>csieat 
^SETlns a accalnal frequency of 250 cycle/scc, but aodijlatal as indicated 
by the enrelope of the trace. 

For the frequeacy zaogs here mder ecasideratlcn It is custciscKry 
t-o use an analyser haring a fixed band width cf ^ » 5 cyclee/sec . If 
this systeei is to respond properly to eay change in «jerey level it is 

* 

The dtscusaica which follcws is due to Doctor J. W, Korboa cf the U.8. 

Kavy Ik^xwater Sound Laboratory, Fort YruKbull, Sew London, Cccaectlctrfe 

(Refersiise 11.) 
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FIGURE C.l 
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RS3rON3E OF BAND-PA3S FILTER TO UNDERWATER 





U.S. Navy Underwater Sound Laboratory 
NP24 - 9641 - 1 1 - 51 
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cut. remmln wll^n tim pass bend for at laast 

At » 1/5 ««o. fl3(»« the rata at vhloh tha epactrun aay be scanned 

at dS/AX » 25 cjtX.it/%9C*. Jlcm let us <ue\aie that the tlae interval durlsg 

vhich the ayat^B Is rsspcnslve to a ecaqxTnect having a frequency of 212 

cycle/sec is the l/5 sec betveen tlse tinea sad ioar}ced on the 

oeclUogrsRt. ?!ie tiiae Interval dvtrlng ehlch it v^iuld be responsive to 

a coaponaat baviag a frequency of 222 cycle/sec would then be the l/5 sec 

between t and t. . If it is indeed a fact that the incx'esse in total 
c a 

energy shown by the oscillogri^ to occur between t^ and tj^ resulta frea 
an iacreiMie in the energies of all coeiposents within tlie half octave 
being analysed the x*capciuie of the selective system will show ar. Increase 
during this Ixterrsl. !!h.la increase will be reported as being associated 
wltii a frequency of 212 cycle/eec but act with say particxjlar tiae. If, 
dxtrlAg this SSBe interval, the eystSK had been responsive to cay other 
freqvtency within the half octave band it would have shown a similar 
la Darios th. tl* lotarral betvoeo «d tJ.o 

selective listen will, under the conditlexaa represented by the dlagraa, 
shew a redxfflod response* This will be reported ss associated with a 
frequency of 222 cycle/scc, Ihie systea voxild, however, have shown a 
low respoftso for this tine interval if its selsctive systes had been rs- 
sponslve to coi^^onents at any other portion of the frequency spectrum. 

In a similar asnaer the tinse interval dinrins tdUch the systea is re- 
spowiire to a ooe^cnent having a frequency of 232 cycle/sec Is tiie l/5 
sec between sod t^. If, again, the increased filter oul5>«t occurring 
here represents an increase In the a«c?«at of energy associated with all 
cos^^xments the a»sly»er will, once more, show an increased response. 
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i:ow, howerer, this vill b« associated with a frequency of 232 cj*cl e/sec. 
As the Kxslyaio ccntlmjes, there vill he a similar increase In the re- 
sponse > these vill be associated with fj'equencles of 2^2, Zl2, and 
cyclcs/aec. 

Tlie coeq>lete analysis^ In other words, srjpears to shew that the 
energy present in the output of the filter is concenitratod in five cca»- 
ponents, spaced by 20 cycle/aec Intervals. This may be very far from 
the truth. In any statssnent purporting to specify the menner in vfhich 
energy varies with frequency it is expected that the data associated with 
one epectnw interval apply to the saiae saajple of tdie phenoratena as do tte 
data associated with othear spectrm Intervals. In the esse hex's under 
consideration this would be equivalent to a statement specifying the 
results of simultaneous oboervatlons of the outputs of a series of 
seloctlve systccss, the 5 cycle/ sec bends of vlilch cover the entire half 
octave paesed by the original filter. If stieh observations, or their 
equivalent, were to be made it might well be found that acre energy was 
aseoclatsd with a frequesxcy for which ^e anslyaer reported no energy 
than for a frequex^y which, tiy pure chance, happened to be scanned at 
a tine when all coB^omata were passing through energy jnaxiaa. 

In the original otKlUogreis wo have Information relative to the 
time variation in the mte of flow of tlie total energy for all ccepou- 
ents wltJiin the half octave bond. With respect to the energy within 
successive narrow Inteivals of the spectrurs, however, it la lispossible 
to deterttiae frea the data presented by -ttie analyser to what extent 
observed ehangec In energy esagnitude are due to changes in frequency 
or to what extent they are due to chance in time. 

In tixe case postulated above the rate at which pulses of aeo^lsti- 
cal energy occur laey be coeputed directly fro* the Infornetioa obtained 
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by SQ'vOVl «x^aly&«r. Ksxyvinz that tha fr^iMtocy •i^acti’ua la acamied «t 
a rata ef 25 cgrcloa/aao* and ohaeivln^ that reapcnaa aaxlna oocvor ovary 
20 ^yclm/tec, It ia evldoat that thaz'o ia a «axlnm every 0,8 aac. ©>«■«» 
in other vorde, 75 polaaa/stlzt. This ia la a^fraaracnt vlth a count 
sHida e^iaiAat the tljae aceXa of the oaclUosrsB, 

It la lataraatiaQ to exmloa tha aaooar In vhich tba aitvaition da- 
acrih^ i£hova la affected hy a change In the resolvlns power of tha 
ttaalynrr. Si^xpose^ for eueaaqpla, that tha bciod width of the salaotlre 
eynteet la Inoraatad to ^ « 10 cycle/ aao) the tine reqttlrad for this 
ayaten to rei^iChd to any change in emrgy level la then At ■> l/lO aec 
and tho ayactnas acy ha acanoad at a rata cf Af/At « ICO oycle/eac*. 

Let V6 a6s\aae> aa hefore^ that the tl 2 W> interral hetween two exicceaalve 
enarey xaaclna In the filter output la 0.8 aec. At the Increaaed scaaninc 
rate the epoctrm interval scanned daring thia tiaa Interval will he 
8o cyclc/s««. If, tiwrefore, the ayat«a la reapensive to a fratiuency 
of SL2 eycle/Beo during the tiac interval cclacidins with one esiersy 
isaxleRn, it will be reaponeive to 2?2 cycle/aec dvrias the tlsa interval 
coinciding with tha meet aucceedioe maxiaixm. The ennlyser will sew 
report that the energy owtxjut of the filter la ccncentrated in two coei- 
ponents, separated ty an ^ cycle/aec apeetnn interval. From this 
i t la evident that when the spacing ^ treepeme atixinm ia due to a 
time variation of energy rather than to ita fre«juaRcy diatribittion, and 
w!ban the eo&iuting rate ia Maintained at the waucinaa valvie at vhich tlwe 
aelestive «y»t«ia can properly respetnd to ehangoa in energy level, the 
length of the spectruB interval reported between x*espoaae oaxlrMn will 
vary a® the square cf the bBnd width. 
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APFE3CDIS D 



&AMFLE isxmccmwsRjaiom 



Qm theoretical length of &aa^a reqiilred for proper KMlyals can be 
eraluated fro« raIatloBahli>a fonculatod la itpptQdlx B. 

The theoretlciCL nlalmn leni^b of eanple^ ^aln^ dctemlned by vae 
of Squatlcm l6» 

S At 
T 

vhere 



■ the Multiplier epeed at tlae t equals 0. 

At^ m the tlae Internal dxariaB ^ich cosapoaeat suet 
reoaln vlthln the paes-baad for proper analysis* 

. th. r«!ordin8 n»*4. 



Pros Squatlone 4 and 8 ve hncnr that 
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Subetltuis these quantities Into Equation 37* 

^sin (®®coad4 - (^) 

no 



vhere 






df. 



ho/dt 



Then 



( 8 ) 

08 ) 



. th. «pp« cut^ fr*«»wy of the eeX«Jtlye het*=rt. 

f » the recorded frequency conponent being enalyned at 
tlse t equcO.B sero. 

Af m the bend-vldth of the selective systce. 

f ^ 

^ • a seeaure of the percentage resolution. 

' " ■ " f ••'•r 

u f 

Tar a hl|^-Q e^^tsa ^ z Af • A 1/2 ^ error is Involved in this approxim- 
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Nbte that th« theoretical mlnlBum length of sazq;>le can also he expressed os 

l^( cycle.) . -gH (38.) 

Assiioe that a one percent rsBolutlon Is desired. For a 1 * 1000 
cycles per second eaalysls»hend, 100 x K seconds of sasple tope Is required. 
However^ a 100 • 100,000 cycles per second analysls*hand requires only 1 x K 
seconds le»Gth of tcpe. 



An Alternative APProech 

The direct approach presented belov is hesed on a procedure suggested by 
Doctor J. W. Hortoa. analysis Is locliided since It tends to tle-togcther 
the quantities dt and 

The logarltbsdc decrsoMmt of a resonant systesi is defined as 
6 » In 

*2 

vhex« is the ratio of the asqilituSe of any two successive cycles: 

^2 

Yet, on x>age 139 of Reference 30 ve see that 

« * 

5-q 



where 



Q - 



df 



By combining, 






Hence, 



in (i)“ - la ^2 . 

V ^ 



Here ^ Is the ratio of the acpUtudc at the beginning of on Interval 



m 'T seconds duratl<xi to the aspllttide at the end of this interval. 
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consider co l&terral psroportlociel to the reciprocal of the bs2id* 
the selectlre ayateai 




Then 



la 
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!» - 0-<*33 

Coesldcrlac the build-v^ of current la a reeoneat aysten, the current wTuXd 

*# 

reach 95»7f ot its final anpUtude durlnc this interval. 



The nuKher of cyclaa required for this cbange la given 



In 



«a 
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« X 



Sence 



n » Q 

Thiadtove that the tlaw zequlraaent of Kfuatlon ^ la equivalent to aaying 
that the eaaiple lauat contain Q cycles. Squatlon 33a la equivalent pro- 
viding K equala 1. 



Batt-veld Ccaalderatloas 

The butt’efttld Joint tefluencea the aaaqtle Xacigth aa deterolned In 
Iqiaation 3S. Beranah* points out that the butt-^ld is uataQly of in- 
aufflclnit length to effect the enaiyala proridliig playhock tine for 
the loop la greater than a aeccnd or tvo. Va have seen that a certain 



This is Squatlon 4 cf Appendix B. 

M* 

Aa Interesting correepoodaace exlsta' between this reatilt i^lch indicates 

- 'i*- 3.3 vMch pallet. ^,.5 
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r 1 nim aa nuttber of cycles ouat be cozuiideired in order to achieve « proper 
analysis. ISie relative location of the Joint and the reprodxice head for 
a siv«a emolyzed coB^>oncat can prevent achievcsaent of the required At, 
This butt-veld linitetlon results from a l80 degree phase shift intro- 
duced at the Joint. Let us arbitrarily Increase the saciple length by 
a factor of tvo) this elixdnates the l80 degree phase shift problea. 
Therefore, let 



1 (seconds) • 

ao 


(39) 


2 K f . 


L (cycles) • —jj — 


(39») 



A partial isethod of circucsviDtlng errcrsof this natxure io for the analyser 
operator to separately investigate tvo different seagsle loops. These 
sashes should be prepared vi^ a 90 degrees phase shift srelative to the 
location of the butt veld. If for a particular frequency, one loop pre- 
sents a broed-band indication and the other loop exhibits a peak Indica- 
tion, the operator is Bade etnare that a butt veld ambiguity exlets for the 
broad-bcad indication. 
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AFPEXDIX £ 



rogAHi5 cr EorojKPrm a^ui^cfiaifr axd procsxjke 

Introduetloft 

Thi« as?ptts)dlx girts in aors detail a dsscrli^loct of the cs^psrluKXtal 
•qv±]SKteat, ScM ef ths aors pertinent factors In S3q>erli9cntsl procadure 
ere described. The last pert of the appendix dlscwses other e^ulpnent 
vhioh vill sccoapliBh the sane ftractlons a« the equlpcaent «:tvMLLly used* 

Disc sad Reproduce Bsed Assegibly 

The heert of the jarobleB and of the «Blq,ue feetwe of derivation of 
analyzer fre^tuency by Kultiplicatioa is caibodied in this assnidily. Figure 
E.l is a general vlev of thia aascnibly, abcsrlng also the I)C driving notor 
esacmbly and tachcateter. Figure E.2 shears dyrtails of the rsproduee hsad 
iaouf;ting. The disc used to transport the tepe vas 9*00 Inches In dieneter 
and vas fabricated fron breea. The disc bed a ninlaan runnsut or ece«ntri«> 
city of .0017 Inehee aa aeaaurcd by a dial Indicator. Tt^es alnijsua uaed in 
this cotsMctloQ refers to the fact that various aoounts of run-out vere 
possible by varying the reletive angular position of the disc and the 
shaft vhich turaad the disc. Ifaturally the alnlmai run-out vaa used. 

Three pulleys on the disc shaft a»l three oorreeponding pulleys on the 
driving s2i«ft peraltted speed changes of 10;3« 1:1, and 0.5:1 betveen tha 
drlvli^g shaft and the disc. 

Vo little trcnftsle vas encountered ia attaching the tape to the disc 
and in setting the foee of the reproduce head at the cloaeat poealble 
diatance fmi the aagaetie tape. The trouble in eomectlon with attach- 
ing the tape stena fron the fact that the ^ue under the tape caused an 

* 

The basic disc and r ep ro du ce head astsahly vere provided by the Becording 
Rmach, U.S. Kavy ttsdorwater Sound Laboratory. 
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uocnm surfBC« of t2i« A nusber <xf various gX\iM v»re used iocludlne 

nozMl houMbold rtatlouftry Duco houtohold c«Mnat, l*ath«r £luB thlzoi«d 

with l»qu»r thlzmar, nad ruSvlMr c«attnt. Zh« 1m t glvto vm by far th« best 
for this uo«) but cr«a 'Uuir tax \mstm cut'faca vm obtalaod. As Masurod 
by a dial la&lcator> irragularltlaa of tba ordar 0.0002 > 0.0004 V9r« ob- 
talnad. I& addltioKi car# had to ba takes last an Iji^rfact bound raaiat 
la blistar Ilka aaparatloas of tba tape aaad the disc. Thasa bllatars would 
not shew up on the dial ladloator but would aarertbelass ba prasant^ par** 
tlcularly when the disc raaolvad. The rubber eataeixt was thlnaad slightly 
with lacquar tblwiar la ordar to obtain a siora ualfom spraadlag of the 
glua, but in such last«n3«a tha bllatars bacaoa aaccesalve. A rather mifora 
thlcloiaas of tha caiaat was obtalnad by ravolvlns tha disc whlla holding 
a bru^ vat with (^ua up against tha parlphary of tha disc. By carefully 
voa±lBg tha t<^ froa tha eantars towards tha ends, squeasing out tha 
excess glue, and by Insuring that th«rs via good sdhasleax over tha antlra 
clrcuaKfaresea of tha disc, sa sec^tabla botaid of tba tspe to tha disc 
was obtelnad la tha li^t of tha saount of inbsreat run-out of tha disc. 

^a butt Joint was placed at tha low point of tha disc, 

Savarsl attsag>ts ware B«ds to position the reproduce heeds so that 
it would Just touch the t«g>a at tha hl|b point of the disc. However, 
the head tended to tear off the tspa whaa actual contact vm nade. In 
addition it wna feared that this zvgpatative adid contact (the t^pa sctlag 
as a poor eushion batwaan tha bead and dlac) might paraunentXy asgnetixa 
the reproduce head. Thus a dallbarsta gap was introduced betvaan tha 
tape cm tha disc and the reproduce head. This was 1ms then 0.000^ 

Inchas as Isdieatad by a feeler guiiee. 

Tha reproduce head used was a Brush Magnstlc Recording Ccmpsny 
9C « 919 A with tha foUowlz)g charcsitaTistlcs: 
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HaXtBUR OVtjAZt ltv«l 
At 1000 eycle/Mc 

tawl 7«5 iischca/sec O.OC^ volta with r«d ox 
Hjb effect cf th« eccentricity of the disc is ehown in an occllloacopa 
photograph in Figure S.3. This picture te of the output of the ttcied cir- 
cuit for A frc<ju«ncy of 1930 cycles per second. The recorded frtqi*aicy 
WAS 300 cycles per seccad. It can be eeee that the reriAtioaa in air c<ip 
bctsncea the leproditce head and the tape cause a variation of about 50f la 
thl« CA80. A rsore iBccrtsert ecnfllderetlesi is that the variation between 
the high «id lew petata c« the dlec will la Itaelf vary wl'tti tl» frequeney 
cf the rocerdad ccspooect which le being aassly^ed. ®ie effect cf a higher 
resolution for the syster, ( a bif^ner Q) can be also seen fraa these photo- 
graphs. The higher Q filter accentuates the triaislent natture of this 
\^Jrlatioa. lais figure and Figure S.h shew the effect of the butt Joint 
on the response cf the filter. The butt Joint in this case was about 
O.OOS lz»h. In several cases a butt Joint was obtained which resulted 
la an alnost iaperceptible trecssient, and when the butt Joint was being 
■;sad to EKTt the revolutioas of the disc, it wno necessary to enlarge the 
width of the b’ott Joint in one laetaace. The effect of the Irregular 
mirface of the tape can be seen froc Figure 1,5 which is an osciUogreph 
of the recorded sigasl as oncpllfled. The recorded freQuerscy was 300 cycles/ 
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second ood the dlac wes being run at a speed vhich isade this frequency 
look like 1950 cycles/second. SBpllfler noise level end a 60 cycle/ 
second reference ere elso shovn. In this case the biitt Joint did not show 
iqp but the effect cf two blisters did, Ibese tvo treaslents were shovn r<ot 
to be related to the butt Joint by noting in vhlch part of the disc revolu- 
tion these tvo trensients occured end then noting vhen the butt Joint ceoe 
to the reproduce heed. Two blisters vero seen to coincide vlth the 
position of these trmslento. 7 t>» tape used for this 0K>togrcq>b vas 
several deys old and scene of the rubber ceoent had dried vlthout holding 
the tape to the disc. In auiy cases no blisters were present. 

It vas thought that the effect of the variation due to the eccentricity 
of the disc sod the effect irregularities of the tape surface tai^t 
be lessened by setting the r^rodwe the heed beck from the tig>e. Ihuo 
the ratio of the air gsp waximaa to air gap mlnlom vould be decreased. 
Figure £.6 shovs the effect of increesing the air gEg>. Transients due to 
bllstors have been accentimted rather than decreased. At a air of 
0 .017 Inches the variation of the eccentricity of the disc has not been 
effectively siaoothed. At a larger air gap setting the noise of system 
has overcome the aizPoXf and it does not appear that the variation of the 
signal due to the eccentricity of the disc has been smoothed a great deal. 
In these three photographs of Figure Z .6 the magnitude of the signal can 
not be coepored since the gain of the azaplifler and oscilloscope has 
bean adjusted to give an indication vhlch could be photographed. Actually 
the attenuation associated with a large air gap vould require inore gain 
and vould result in a emller signal to noise ratio. 

Ward-Leoaard System 

The description end snalysls of the Vard-Leonard system for speed 
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contxxal are adle^tiately cov«i*od In the lltcrat\ir©.®‘*j*® Figure B.l shovre 
the arrangaeeot hy which the taotor of tho Vard-Leonerd systesa drove the 
disc oLBseeihly. The :aotor vtecd vas an Oeter^ type EJ^f 115 volts, 3650 
RFM, 1/20 horsepower, shmt voimd. Tbe generator of the syetem vas the 
setae* Tbe esPQdlfler used vlth the oysten Is shovn in schesstlc fora In 
Figure £.7 end E.8. 

It vaa originally planned to drive this system as a servooechanlom 
with the error signal being derived by conipaxing the control signal to 
tbe speed of the aotor as neasured by a tachcoeter. Figure E.l also 
shows a tacliaaeter aountod with the motor. Several D.C. tocbmccaeters 
were used, but aU operated Improperly} pesrticularly disadvantageous 
vas their fluctuation in tenainal voltage at low speeds. It vas decided 
to run the Ward-Loonord system open loop using the speed control character- 
istics of tbe DC motor. Because of the small variation in load troque 
(except at Xov speeds when the couloinb friction contributes to a large 
percentage of the load torque) this plan vas thought to be feasible. 

The transfer function between the coatrolling voltage at the servo ampli- 
fier inpTit and tbe speed of the disc as measured by a speed coisxter is 
givm In Figure £.9* The relationship between the controlli]3g volta^ 
and the output of tbe power aaqillfler (tbe generator field current) is 
also shewn in Figure £.9> This figure indicates that a linear relation- 
ship bolds for about a ^oed variation of four times (from 15 BFM to 60 
rim). For a complete analyser such a limitation vohLd not be desisrable, 
but for this investigation ve psxceeded vlth this limited range of 
variation. As it happened this limited range vas not a controlling 
factor In the investigation. Vh^ ve compared eeveral trial runs with 
theqysten, it ves discovered that different results vere being obtalzied 
vlth no change In tbe various parameters vhich should ccrntrol the end 
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reexiLts. Figure E.U shove the results of three different rune for a 
recorded frequency 300 cycles per second^ Q of 22. It vae thought 
that the differences between the three IndicatlcxuB vere duo to flxictua* 
tions In the speed of the disc as it vas slowed down by the controUlng 
voltage. Therefore a test was asde with a constant controlline voltage. 
Fleure E,10 shews the resulb of this test. Ideally a cemstant controUlne 
voltege would xesult In a constent dlec speed and a consequent steady 
output voltage* With the vorlatlon of the signal due to the eccentri- 
city of the disc the output Indleatlcsx voxild necesserlly be periodic. 

The results of this verlatlcm can easily be seen in Figure £.10. However^ 
in edditlcm to this periodic variation there Is an erratic variation of the 
outpazt i^ch can only be caqdalned as the erratic variation in input fre- 
q;ueDcy to the tuned circuit. That this variation vas due to the signal 
cosiins frea the nognctlc tape vas shown by obtaining a stead^respemse 
frea the seslectlve system and detector using a steady signal frexa an 
audio oscillator. 

In order to obtain a asoother variation of the disc speed it vas 
decided to disconnect the disc from the driving notor end having sped 
the disc to speedy (using a cord) to let the disc slow down freely. 

Due to the large ooment of inertia of the disc, the disc should act as 
a filter for soall variations in torque such as that from the bearings 
on the disc shaft. A smoother variation vas obtained as is indicated 
by the pulses of Figure 3<9« We no longer bed control of the speed of 
the disc (a variable damping arrangemant could/eontrol the free rveming 
spaed socaevhat), but control of the parameter K vaa possible by changing 
the Q of the tuned cirettit. The speed-tine rdatlcmshlp for the free 
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ruRolDs Aioc w d«t« 3 naltted by using the butt Joint tranalent m n Mutetr. 
Flgtnr* 3 >9 «l*o sboKV, la tb* Biddle recording, the Barker rocordlag at 
the top. The bottoB trace i^icnra one ceccnl Barker pulaee vhleh were 
gexkerated by the recorder (A Seasbom CarOette) Tbeee txm eecood Intenralo 
were checked by comtlag the aunher over a aeaaxared period of tlae* The 
actual epeed'tloe reXatlanshlp vas found ly aeaaurlsg the Intervals between 
btxtt Joint tranelente uelng a pciir of divldere, aad then colcxilatlns the 
speed cf the disc knowing the circuaference sad the calibrated tlae ecale 
of the recording. This was done for a nwaber of points and a seooth curve 
Via draim through the points. The speed tine relationships as dttemined 
In this asoner are shown on Flguxes S.U, 3.S^ and 3.9< The e\urrc of 
figure X.U vert due to an exponential control voltes but were obtained 
uslzig the procedure described ebore. 

Selective Syatesi and Detector 

A schonatlo of the saleotive Systen and detector Is shewn la Tigurs 
X.12. A parallel resonant IStC circuit with Q nultipUcation was used at 
the selective systen. The Q of the resoneat circuit is effectively isulti* 
plied by positive feed back frera the vaouoa tube idiich in effect cancels 
part of the redstanee associated with the tank circuit* This circuit 
has good ctebili^ desired for a laessureai^ circuit* The output cf the 
Q aultiplier is takea across ths cathode resistor. A cathode follower 
isolation stage followed the Q aultiplier. This stage was used to Isolate 
the Q aultiplier fron the detector since any verlatlons across the cathode 
resistor of the Q aultiplier are reflected bask to the tank circuit. The 
detector was a linear ^tector the design of which is covered in xaost 
eleaentary electroniee teatbooks* 13ie decay tlae constant of this detector 
was detexodned by trial and error siaee the shs^ of the nodulated signal 
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VM Z3dt loKROi vlth axftctitude. Thle ti)M con«t«at vm Mt to «hov Mty 
fluctuntlcBUi in tb« oovolope of the curve to the treaeleat reeponee of 
the filter. 

The detector for the h\itt Joiat aHtxi'ers v«e of slxiilsr deeica. 

The input of thld detector vm tckea «ff the aerified reprodueod sicnel 
elace it vmo detired to auuiic the recordlus for the entire sanple leasth 
end not Jiiet for thoee tlae interreXe vhen • reprodxaced frequency vae eqtael 
to the freq.uency of the tvned circuit. 

Amplifier 

The eaplifler veed vee « Cteneral Kedio type 71^ voltage eagillfler* 

The gtdn ie e&Justehle hetKfecn 20 to 80 doeibels. The nolee level of the 
enpUf ler in (raitourleon to the eaqillf led xvpxo&xctA sigael cea be seen in 
Plsnre S.5. (It mist be r«eead>ered that this slgael is attenuated due to 
the air gap between the heed end the tepe la the order of 33 decibele frosi 
the O.OOt volts Mxleus possible. This eaipllficr hae a flat frequency 
reeponee between 20~lB^OOO cyclee. The snplifler vas very sueceptlble to 
vibrations when operated near ite naximaa voltage gain (A bom honhing 
outside would produce a lez^ output) The eNplifler was reaoved frcn the 
table holding the drua auseeahly end the top w«« reaKSved frcni the ssplifier* 
The top was acting like a baffle and vas being capeeitlvely eovpled to the 
grids of the tidTee which v*re <»ly a half inch or so below the top. (Xo 
worm troidile was had with horns) The vibrations of the table earring the 
Ward-leonard generator sad aseoclated aotor vas excessive even in that 
they caueed the reproduce 2»ad to vilnrate notlcebly. This asssnbly wee 
B 0 ved to anoth^ table and both asssRiblies were put on rubber sheets which 
rsdueed the Ylbratloes nsuicedly. 
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Fg«qu»ncy H>a«ur«aentj> 

A Gf«nox«I Sedio fre^'UQOsy neter, typ* Ulvl>Af vas xiMd as a aattar fr«> 
quaney staadartl. this SMtier i* of th« nviXX dstactor typ« azui requlrM um 
of h«ad phicziM 1>o dateralne the null. tDie niitiufacturflr elalM that the aator 
1* aecxarate vlthln 1^. Vo check waa zMtde of this frequaacy aster. Within 
the ran^ of intaraat^ 200 cycles to 5000 cycles^ the null point oould be 
detected to the aocioaay of an isqiercaptlble noveaent of the dial. Hoverer^ 
the accuracy of the zteaeureoent van Halted by the accuracy vith vhich the 
dial could be reed. to 500 cycles this accuracy vae estiaated to be 
about 1 cycle. 

A General Vadio direct reeding frequency Meter, type d3h-B, xres vised 
for rapid aeoauresients in order to center In on the aeasureDant by the null 
type aeter. 

The Q of ihe tuned eircxilt vae oeaa red by using an audio oscillator, 
ea oscllloecops, end the frequescy laeter. The bendvldth of the systea vas 
taken shqply as the frequency dlffearenee betveen the half -power points. No 
rssposoe evanre vas teken for the tuned circuit but it ves Sioted that the 
cunre vas u&syBswtrieal about the stexlavn point. 

Poselble Equltnent 

(a) Disc and xaprodvjce hMd. This essesSsly is plagued by the trovfble 
esqierienced by »oet vorkere with daruae of this eort - the error Introduced 
by the necessity of having a varying air SBP due to the ecc«itriclty of the 
drtm. At the seiwi tijee Irregularities of the surface would cause trouble 
even if tliere vere ao eccentricity. !&ert is tlM posslblll'^ of using a loop 
of t«p9 which vculd be cerried across the reproduce head slsiilar to a con- 
vantlmuxl tape reccarder. The fast revlnd speeds of tape recordeza ehov 
that tapes can be transported across the head at speeds several tiaea greeter 
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than oomal ?.5 Inch p«r oaocnd speed. However, there Is prohahly eotae 
lijalt to the rexioe of speeds avallahle froD this nethod due to hreeklng 
of the tape. Other possibilities exist siich &s sods mechanlsn which would 
keep the head la Intlmte contact with the ts^ on the disc or drum by 
asans of spring loading. With the widespread use of isagaetlc dnns and 
the fact that this pzobleei Is cosaon to aloost all users of such druas, 
ws hesitate to nuke any coosmite other than that this field should be 
investigated for sosw slaiple, practical and workable soltztlcn tdilch has 
already proved Itself. 

(b) Driving assoably. i3ils Invitlgation showed that there la a real 
need for an accitrate speed controlling awchanlma. At first one would 
laoediately think of a feedback systesi> hovcver the application In this 
cose Is one which does r\ot require the advantage of the feedback servo* 
nechanlsia In anlntalnlsg speed control with widely varying torques . In 
this application It is Important that the Instantaneous speed of the disc 
oot vary within limits, and these llinlta arc set by the resolvttlon of tht 
systcia. Any feedback systen would nc-vix^ that the error slgaol correct 
the speed before the recorded frequency being analysed at that Instant pass 
out of the pass bend of the filter. Further iizvestlgatlon would be 
necessary to determine whether thla feedback syst«a would prove satis- 
factory. tihe i>o8Bibility of the freely running drm as van used In this 
investigation shows promise in that the speed of the drxssi varies siooothly 
and that additional daoplng could be Introduced to contx^ the rate of 
aloving down. However, Bveh a proposal would require a mrker system 
coTgiled with soeie additional taeans of providing a direct reading indica- 
tion of the analyzed frequency. The method as used here to determine 
the frequency of the sample le too Isborlous for a practical system. 
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(c) Function generator. A fmctlon generator vhlch voilis off a 
function nocked on the face of en oaoUloscope vas obtained bizt vae not 
used. This function generator la in vide use todac^r and has proved itself , 
For this investigation vhich vas llaitted to e:gponsiitlal and fres running 
variation of speedy the generator vaa not neoded. For exponential or 
linearly varying voltages a sinple PC decay or sweep circuit generator 
are recoeaaended. ^Site use of cemn is poesihle^ and tbtseconi! were investi- 
gated. Eovever^ precision ceos followed hy a tronslatory potentioneter 
would cost os such as a fvcctionally wound potentiemeter. For the function 
necessary for the equal sauiple analysis a function wound potentlooeter sad 
constant speed drive is recceaended. 
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